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THE ABSOLUTE MAGNITUDES AND PARALLAXES OF 1105 STARS 
BY R. K. YOUNG AND W. E. HARPER 
ABSTRACT 


General.—The paper presents the results of an investigation into the methods of determining parallaxes by the 
spectroscopic method and gives individual parallaxes for 1105 stars. These are nearly all of type F to M inclusive, 
though a few stars of A-type having well defined lines, are also included. 


Material—During the first few years of the Observatory’s existence the program carried out was the determina- 
tion of the radial velocities of several hundred stars from the catalogue of Boss. The present investigation aimed 
to utilize the spectra, thus secured, for the determination of parallaxes by the spectroscopic method. These spectra 
were all made with a single-prism instrument giving a dispersion at Hy of about 29 Angstroms per millimetre. For 
a very few of them were trigonometric parallaxes available and so a list was prepared of 500 stars with known paral- 
laxes to serve as standards for correlating the line intensities with absolute magnitudes. These were observed with 
the same one-prism arrangement. Three-prism plates of a few selected stars were also made to study in more detail 
the changes in the lines affected. The trigonometric parallaxes of these 500 stars were taken from the list of 1646 
stars issued by the Mount Wilson observers, being brought up to date by the inclusion of the parallaxes issued since 
that publication was in press. 


Lines Used.—In addition to the five lines used by Mount Wilson a search was made for new ones showing a 
variation with absolute magnitude and nine such have been made use of. <A description of each is given. Several 
others were found which would serve equally well but complete tables for them have not yet been formed. 


Standard Scale.—Considerable attention was given to devising a method of measuring the ratios of the line 
intensities and artificial spectra having absorption lines of graded intensities were used by each observer so as to 
keep constantly in mind the value of the step used. 


Types.—The types from A to K inclusive were determined afresh by comparing with standard stars for which 
Harvard and Mount Wilson were in good agreement. Our results agree well with Mount Wilson. The M-types 
were graded from M0 to M8 according to the strength of the bands. No special class was formed for the Cepheids 
or c-stars as the curves for these seemed to join on to and form a continuous sequence with the lesser giants. 


Empirical Curves.—To obtain the curves relating line intensity to absolute magnitude a series of approxima- 
tions was performed. For the F, G and K stars the results from such preliminary curves were grouped according to 
type and absolute magnitudes and proper motion methods applied. The group residuals suggested minor corrections 
for the final set of reduction tables. The curves found suitable in the late K’s were continued on through the M’s 
and seemed to be satisfactory, the slope of the curves being adjusted to suit those stars of type M for which the 
parallaxes were most reliable. An abridged set of reduction tables relating step value to absolute magnitude is 
published for every half division of a type so that other observers having similar spectra could easily adapt our results 
for new work. 


Theoretical.—Formulae and graphs are given showing the errors to be expected in the absolute magnitudes for 
errors which are present in the trigonometrical parallaxes. The latter are useful only in the nearer stars. The well- 
known formulae connecting the parallax with the tau and wpsilon components of the proper motion are used and a 
new one devised, based upon radial velocity, total proper motion and the distance of the star from the apex. The 
formula is 7 = u (-089 Vo? + 17-82 sin’d)~“ and it is found to be not only quicker to evaluate but gives much 
more consistent results. 


Comparisons.—For 920 of the 1105 stars proper motion data are available to test our results. The 920 stars 
were divided according to type and absolute magnitude into 50 groups. Lach star’s proper motion was reduced 
to what it would have if its apparent magnitude were the mean of the group. The three formulae were used to 
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obtain group parallaxes. Our results are compared in table 8 with the magnitudes from the mean of the three meth- 
ods. This table also gives a comparison of ours with Mount Wilson results for those stars common to both lists. 
From the proper motion results a small systematic correction of from —0-2 to —0-4 magnitude should be applied 
to our late G-type results. Such has not been done, however, pending better methods of procedure now under way. 
There is substantial agreement between the two observatories except in the giants of late K-type where we have a 
much greater range. Recently they have found for their M-types some revised magnitudes which are in much 
better agreement with ours than those previously published. 


Probable Errors. The accidental error of a determination from the interagreement of the various lines is +0-15 
magnitude, but based upon the residuals from 128 stars of best determined parallax (i S '’-050) the probable error 
is +0-4 magnitude. This refers for the most part to the dwarfs and is similar to Mount Wilson. For the giants it 
is hard to get a real test but a comparison is made using 553 stars which are common to both observatories. Taking 
those differing by one whole magnitude or more, 134 in number—and these are mostly giants—proper motion results 


as given in table 12 are in general more favourable to our own. 


Future Work.—Suggestions for improvement in the work are given...... By measuring all the lines now known 
to show an effect...... By improving the quality of the spectra through standardization of slit width, development 
and other factors...... By adopting a more mechanical, though less rapid means of estimating ratios of line inten- 


sities, 
JI—INTRODUCTION 


The following paper presents the results of an investigation into the methods of 
determining the parallaxes of the stars by the spectroscopic method. On the completion 
of the observatory in 1918, the first extended program of observation undertaken was the 
determination of the radial velocities' of several hundred stars from Boss’ General Catal- 
ogue. It was intended to use the plates taken for radial velocity determinations to obtain 
the parallaxes by the spectroscopic method then just recently developed by Adams and 
Kohlschutter.2. These observers discovered that certain lines in the spectra of the stars 
showed a marked variation in their intensities between stars of high and low luminosity. 
Among other lines, they mentioned \\ 4077, 4215, 4290, 4455, 4462, 4494. Before this 
method could be applied to our spectra, however, it was necessary to obtain empirical 
curves relating the line intensity in the spectra obtained at this observatory with the 
absolute magnitudes and this involved the photographing of spectra of stars with known 
parallax. This work was commenced in 1918. 


The general method was planned along the lines discovered by the Mount Wilson 
observers but several factors seemed worthy of investigation. A search was to be made 
for new lines which would show a change in intensity with luminosity. It is obvious 
that the more lines that can be used, at least up to a fairly large limit, the smaller will 
be the accidental error of measurement for the mean. A casual inspection of the spectra 
of some stars of known parallax is sufficient to satisfy oneself that fairly large accident 
departures from normal for any one line do occur. Another point to be investigated was 
the method of measuring the intensities of the lines. The Mount Wilson observers had 
adopted the plan of measuring the ratio of the intensity in pairs of lines in terms of a unit 
called a step. In the publication of the parallaxes of 1646? stars they recognize an intensity 
ratio as large as ten steps. Considerable work was done here in 1918 in making a standard 
scale so that the quantity which we called a step might remain constant and be fairly well 
defined. The construction of this standard and the method of using it will be described 
in a section by itself. A start was made also in obtaining spectra of stars with known 
parallax. It was soon discovered, however, that it would be necessary to obtain spectra 
of a great many stars because the correlation of line intensities to absolute magnitude is 
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complicated by variations with type also. It is necessary to have a sufficient number of 
stars to determine the relations for all the types. Moreover, the reliability of the method 
among the giants seemed somewhat doubtful and as here especially large numbers of 
spectra are necessary the problem involved a great deal of observation. In the meantime 
the radial velocity program was pressing and it seemed best to complete this part of the 
work first. The radial velocity program was completed in 1921 and the absolute magni- 
tude work resumed by the writers conjointly. Each observer has shared equally in the 
observational part of the program and both have measured all the plates and derived 
independent reduction curves. 


II—PrRoGRAM OF OBSERVATION 


The radial velocity program undertaken in 1918 was compiled from Boss’ Preliminary 
General Catalogue and included 720 stars between the fifth and eighth magnitudes. The 
basis of selection for these stars was position. We observed all the stars in the even 
minutes of right ascension north of the equator which had not been previously observed. 
The odd minutes of right ascension and all stars south of the equator were omitted as 
these were being observed at Mount Wilson. The basis of selection makes no asumption 
concerning the proper motions. Only a little over half the stars were suitable for obtain- 
ing absolute magnitudes. Moreover for very few of the stars had parallaxes been pub- 
lished and in order to obtain sufficient data we made out an additional program of 500 
stars whose parallaxes had been determined at one or more observatories, special attention 
being given to the modern parallaxes. This latter program is undoubtedly biased in 
regard to large proper motions for the early parallax observers selected stars with large 
proper motions as ones likely to yield positive parallaxes. At the same time the great 
majority of the large proper motion stars have yielded fairly large parallaxes and as these 
have been used directly the remaining stars which had to be treated by proper motion 
methods are freer from this objection than they might otherwise be. Moreover, practic- 
cally all the bright stars of the northern skies are included so that the basis of selection is 
nearly one of apparent magnitude. In addition to these two programs stars have been 
observed from time to time from the Harvard Revised Photometry and those of type 
later than A5 when suitable have also been used. 


All the plates have been obtained with the one-prism spectograph and medium length 
focus camera attached to the 72-inch telescope. This instrument has been described in 
Volume I, Number 1 and in Volume II, Number 1 of the Publications of the Dominion 
Astrophysical Observatory so that it is necessary only to give relevant details. The 
aperture of the collimator objective is 2-5 inches and its focal length 45 inches. The 
camera lens used has an aperture of 3 inches and a focal length of 28 inches. From May 
7, 1918 to August 12, 1919 we used a sixty-degree prism made by Hilger and loaned by 
Professor Chant of the University of Toronto. Since August 12, 1919 we have used 
a slightly denser prism of sixty-two degrees angle also made by Hilger. Both these 
prisms give excellent definition. The latter gives a dispersion at Hy of about 29 A per 
millimeter while the first prism gave a dispersion of 34-8 A. On spectra taken with 
either of these prisms, the iron arc doublets at 44187 and 44200, in each of which the 
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components are separated by about three-fourths angstrom, are clearly resolved with a 
slit width -0015 of an inch while the limit of resolution is about one-half angstrom. 


Variations in the dispersion and purity of the spectra must undoubtedly have a 
large effect upon the estimates of line intensity but for our results we may say that the 
plates have practically all been obtained with the same dispersion. Fully 95 per cent of 
the parallax stars have been observed with the higher dispersion. For these stars two 
good spectra were obtained. For the Boss stars six plates were obtained as a rule and 
while some of these plates were obtained with the slightly smaller dispersion in almost 
every case two or three spectra were obtained with the larger angle prism also. Stars 
taken from the Harvard Revised Photometry which have been observed subsequent to 
the completion of the radial velocity program likewise have been observed with this 
instrument so that the observational material is fairly homogeneous. 

In addition to the one-prism plates we have taken a number of three-prism plates of 
the brighter stars which have been used to investigate the character of the lines forming 
the criteria for absolute magnitude. 


The problem of obtaining the best available parallaxes for the stars caused us con- 
siderable trouble. The observatory did not possess a card catalogue giving all the pub- 
lished data and we felt somewhat hesitant about compiling one because we understood a 
general catalogue was soon to be issued with an investigation into the systematic errors 
affecting parallax measures by the various observatories. In 1921, shortly after the 
August meeting of the American Astronomical Society in California, we received an 
offer from Professor Frank Schlesinger to place at our disposal parallaxes which he was 
compiling. These were not ready at the time but as we were in no particular hurry at 
that time we were pleased to accept his offer. However, these were not available at the 
time we needed them and we decided to make up our own parallaxes. We examined all 
the literature available in the observatory and copied out the parallaxes. We were unable 
to consult all the authorities for very many of the stars. A comparison of our values with 
those published by the Mount Wilson Observatory in contribution No. 199 frequently 
showed that they listed more authorities than we could find. It seemed to us also that 
the weights for the various determinations of parallax, as used by the Mount Wilson 
observers, were very good and that therefore their parallaxes were superior in most cases 
to those we were deriving. We decided to accept the Mount Wilson values for the trigo- 
nometric parallaxes. In a few cases values for the parallaxes had been published by the 
Allegheny or McCormick observatories subsequent to the compilation of their list and 
these we have incorporated to get new values. 


JJJ—Lines Usep ror ABsoLute MAGNITUDE 


The following table contains a list of lines we have used for the determination of 
absolute magnitude. They include those discovered at the Mount Wilson Observatory 
and several others. 
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TABLE I 
Used in Spectral Types 
Ratio 

Young Harper 
UU OE AO Gias 0 Rene eas ck oi abingN aby cto Stee RVI ALS Sebivags Sotivae A2 .. M6 AQ irik M6 
ATOM SG RAG OMe eR ett Se te eet oe aE ote sae REM Oe ADT ease 2 K2 AQ ee wc K9 
DAUR Et SADE AUT et Se oI DIG DER CRREOLS RC ER TCLOC EEO Re Ciera COR eer M6 G4 cb dies M6 
ERC SRE OSLO tele OG RGR RERCIeL Eo OnORe cE eR tn RCN eae 1 eae cee K2 WAZ Fee ere K2 
AAA TER DOU LO Weenie eras eater ee else Seat tee mae INO ret K2 AD eater K9 
SADC MOM LOU) Olt het Lk at Lah clowe ch AMIE F2 ..M6 AS emer M6 
i SetEnd Ee Et dye boson ine is suede A Deret cra G4 ADS ears G4 
GEGASOH! Sid hE Re ae en a ie ae eee ES reece K9 Sis seen K9 
ASN AOE (aa ae Sen ere eke sce veaae the ates GOSe eu K9 GOSPEL. K8 
LESS SERS § Aare? Ohh tery Oriani oe aeaeS CESSES ORE en oe GG rat ca M6 CB sie eters M6 
EE SRE MEL 08 0) A ea a IR RUN oy 5 er na apse hs epscepenec eine Baer Gor eae M6 Eitneoapee M6 
CIC RSet i ROH Ls te a rae ce ie i eno i tae a MOR M6 (Ciieaidia’s M6 
AESOP AIA OA SMAI Ee Soe t. Se hoks Seni so Nand ais Staite Gus M6 GS M6 
AOA mera Orin ae sey eo hi yas aise Bisal cilergn en, aiRiudls syaneys eg Gi eae M6 GS. adeaae M6 


Our results indicate that both lines forming the ratios which we have measured show 
variations with absolute magnitude. We illustrate in figure 1, curves 1, 2, 3, 4 what 
seems to us would be the result if we could measure the intensity of each line separately. 
In these curves the ordinates are intensities and the abscissae are absolute magnitudes, 
the dwarfs being to the right. Curve 1 illustrates a line which shows a rapid change in 
intensity in the giant stars but which shows less or no variation in the dwarf stars, that is, 
the curve becomes asymptotic to some horizontal line. Curve 2 illustrates on the other 
hand, a line which is of little or no use to distinguish between various grades of giants 
but which is a sensitive criterion for absolute magnitude in the dwarfs. Curves 3 and 4 
are still other types of variation. When we measure the ratio of a pair of lines we may 
get any combination of these types of curves. If the two lines forming the ratio are of 
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types 1 and 2, one of the resulting possible curves that we would obtain is shown in curve 
5. Curve 6 illustrates what might be the result of measuring the ratio of a pair of lines 
which behave like curves 1 and 4. Depending on the spectral class where the lines begin 
to show and the extent of their variations we may get a great diversity of resultant curves 
connecting the step values for a pair of lines and the absolute magnitude. 

We append a description of the behaviour and character of each of the lines used. 


dd 4071 :77. Inthe earlier types A5.... these two lines are free from blends. There 
is a component to the red side of \4077 but as a rule it is well enough resolved not to inter- 
fere with the measures. Both lines become more involved with other lines in the later 
types and unless the plates are well exposed the estimation of the relative intensity of the 
lines is subject to a large accidental error. On well exposed plates, however, the variation 
with absolute magnitude is pronounced over the complete range of spectral types examined. 
The variation seems to be almost linear. In types earlier than FO the curves are not 
well established either for this or the other lines but so far as can be judged from the 
limited number of A stars which we have studied, this line may be used as a cirterion for 
absolute magnitude in types as early as A2, provided there are numerous metallic lines 
present in the spectrum. 

dd 4162 : 68. Like the preceding ratio, the lines in this pair are free from blends in 
the early type stars but become more involved in the later types. The line \4162 which 
is due to strontium, seems to be responsible for the great variation of the ratio in the 
giants. The ratio is quite reliable in the F— and early G—type stars but is not so good 
later as some of the stars show rather large residuals and the curve in the extreme dwarfs 
reverses. 

AA 4202 : 07. The line 4207 was mentioned by Adams as of possible value as a 
criterion for absolute magnitude. It does not show very well until the star has reached 
type G. Both it and \4202, with which it has been compared, are situated close to other 
spectral lines and unless the spectrum is fairly strong in that region the measures are 
unreliable. In the very giant stars the line \4207 is considerably stronger than the line 
4202 and there is a rapid change in the relative intensity as the absolute magnitude 
becomes more dwarfish. In the extreme dwarfs, however, the line \4202 seems to dimin- 
ish more rapidly than \4207 and the ratio is not so much positive there as in stars a little 
more luminous. 

A 4215 : 50. This pair of lines has been the subject of very careful investigation 
because it is one of the principal pairs upon which the absolute magnitudes of the giants, 
as determined by the Mount Wilson observers, rest. The nature of our results for this 
line can be best studied from our tables published in Section VI but we will describe 
what we consider the behaviour of this ratio. In types as early as F8 it consists of a 
curve similar in shape to curve 6, figure 1, though extending possibly less on the descending 
giant branch. In the dwarf stars 4215 and \4250 are almost equal or 4250 may be 
even the stronger. As we proceed toward the giants the line \4215 gains greatly in 
strength and reaches a maximum somewhere near the absolute magnitude minus one. 
For the most luminous stars the line loses a little in strength. These characteristics 
continue in the G—type stars even up to G8 and later but as we come to type K the amount 
of the turning back is less pronounced so that by the time type K2 is reached the curve 
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in the giants is almost asymptotic to a horizontal line. For this reason we think that the 
giant stars of types K3 and later the ratio \\ 4215: 50 is of very little use as a criterion 
of absolute magnitude. It serves to distinguish a giant from a dwarf but it does not 
grade the giants properly. The reason for the peculiar behaviour of this ratio is doubtless 
the complex character of 44215 Under three-prism dispersion ‘here are two component 
lines \4216-4, due to iron, and 4215-7, the latter itself being made up of the chromium 
line \4215-72 and the iron \4215-60. In giant stars of type F7 like y Cygni the com- 
ponent 4215-7 is about 8 times as intense as the component 4216-4 but the ratio 
rapidly diminishes in more dwarfish stars. It would seem, then, that the chromium 
member is the main though not the sole variable and as all three components are blended 
in our single-prism spectra it is not surprising that, when compared with \4250, the ratio 
is not linear. 

dA 4247 : 50. This is a good ratio in the early type stars, especially in the giants, 
where \4247 becomes equal to or stronger than \4250. In the late F-types, such as 
y Cygni, there are at least 7 lines which are in general blended in single-prism spectra 
though occasionally the outlying members are seen separated. The extent of spectrum 
covered is from 4244-9 to \4248-9 and one observer has estimated the ratio of this 
region to \4250 whether the former was seen blended or partially resolved. The other 
observer has considered the stronger portion alone around \4247-0 the line being ascribed 
to Se or Y. This line, strong in the giants in this type, persists in late K dwarfs such as 
61 Cygni though greatly diminished in intensity. Three other lines \\ 4248-5, 4247-6 
and 4245-5 also persist and one observer has made use of the ratio in the K’s while the 
other has dropped it at K2. In the later type dwarfs the ratio reverses but in spite of 
these variations and the different methods of treating the line it has been of considerable 
value giving accordant results. 

M 4258 : 60. These two lines which are separated by two angstrom units, form a 
very nice pair for measurement. The ratio seems to vary continuously over a wide 
range of spectral types. The amount of this variation per absolute magnitude is not 
quite as great as for some other lines but the accuracy of measurement of lines close 
together makes up to a large extent for the smaller range shown. This remark applies 
to the ratio principally in the earlier types. In the later types it shows as large a varia- 
tion as the other lines used. In the M-types the pair of lines is very clear and sharp 
and consequently easy to measure. 

A 4271 : 90. As in the case of \\ 4215 : 50 we have devoted considerable time to 
this particular ratio. Not only is the iron \4271 a double but 44290 consists of two 
also, viz., \4289-9 Cr and Ti and \4290-5 Ti and Fe. Ina giant like y Cygni, F7, both 
components are about equally strong as seen in three-prism spectra while in a fainter 
star like 7 Pegasi, G1, they are still about equally strong though very much diminished 
in intensity from their previous value. We find, in agreement with the Mount Wilson 
observers, that the ratio is of use in the early types of all absolute magnitudes but only in 
the giants of later types. Beyond G4 the variation with absolute magnitude even in 
the giants seems to be small and as we have several other ratios here which show a large 
variation we have dropped this pair of lines. Our measures in the M-type giants show 
that it is of some value but not so good as the other lines we use. 
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dr 4455 : 62 et seg. The four ratios involving the combination of 44455 and another 
line are excellent examples of the combined effect of two lines each of which varies. The 
line \4455 is strong in the dwarf stars and for stars of absolute magnitude three and 
fainter grows in intensity rapidly. In the neighbourhood of absolute magnitude plus one 
or zero the line shows little diminution with increasing luminosity if it does not grow 
stronger. The line \4462 seems to stay fairly constant in the dwarfs and the smaller 
giants but it grows weaker in the very luminous giants so that the ratio A 4455 : 62 is 
more positive than it is in the less luminous stars. The ratio \\ 4455 : 94 behaves in the 
same way and to a more marked degree. Both these ratios show curves similar to curve 
6 in figure 1 but turned upside down. In contra distinction to the lines \4462 and \4494 
both of which are weakened in the very greatest giants, the lines 44482 and 4489 are 
strong. Their great increase in strength quite overbalances the small ¢hange in \4455 
in these stars so that the ratios \\ 4455 : 82 and Ad 4455 : 89, both of which are very 
positive in the dwarfs, decrease steadily as we pass to more and more luminous stars. 
It should be observed that the line \4489 is complex, four components usually forming a 
blend on single-prism spectra. They are \\ 4491-0, 4490-1, 4489-1 and 4488-4, the 
low temperature iron one at \4490-1 giving the character to the blend. 

ddA 4482 :94. From what has been said of these two lines in the preceding paragraph 
it follows of course that this pair must show a small variation, which they do. In the 
giant stars of class K2 to M6 both the lines are clear and easy to measure which compen- 
sates partially for the smaller range shown. 

A 4489 : 94. It was mentioned in the discussion of the ratios beginning with \4455 
that the line \4489 was very strong in the giants and that the line \4494 became weak. 
This pair, therefore, makes a fine ratio for the giants and supergiants. It becomes nega- 
tive as we pass to the dwarfs and reaches a minimum somewhere between absolute magui- 
tudes plus two and plus four. For the extreme dwarfs it is more positive again. Another 
logical pair to measure would be the ratio \\ 4462 : 94 which must also show a good result 
in the supergiants. These various combinations are, however, not all independent. 


Ar 4494 : 96. The lines forming this pair behave much the same way as the pre- 
ceding pair. They are very easy to measure in the late types and the accidental error of 
measurement must be small. The line 4496 consists of two as seen in three-prism 
spectra, viz., 4497-03 Cr and \4496-23 Ti and while the variation is the sum of that in 
each yet the major portion seems to be due to the violet member of the close pair. 


In addition to the lines so far discussed as showing a variation with absolute magni- 
tude each observer has noted lines from time to time that give promise of being useful. 
Among others may be mentioned )\ 4233, 4305, 4348, 4395, 4444, 4474, 4522 and 4531. 
Some of these were measured against other suitable lines but complete tables were not 
formed and they do not appear in our results. Most of them are enhanced lines principally 
of titanium. The one at 4444 is in reality a blend of 5 components the important ones 
being those of titanium. ‘This line has been used by Lockyer against 4455 in similar 
work and it should give satisfactory results. The inclusion of all the lines now known to 
vary would lead, we think to a still further reduction of the accidental errors. 

The question of weighting the results from the various lines has been the subject of 
considerable thought. Some of the factors which should enter into the weight are: 
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. The number of plates on which a line was measured. 

. The number of times. a line was measured. 

. The exposure and definition of the plate. 

. The slope of the reduction curve connecting line intensity with absolute magni- 
tude for that line. 

5. The reliability of the line as judged from the average residual left from many 

stars. 


mem OC DO 


The system of weighting, if it were logical, would have to be very complex. We 
have no doubt that such a system could be worked out and would improve the mean but 
it seemed to us hardly worth while and we have adopted the procedure of taking straight 
means. In a few cases if a line seemed to give very discordant results or was uncertain 
it has been omitted or given half weight. 


ITV—THE STANDARD SCALE 


An artificial spectrum was made showing absorption lines graded in intensity by 
uniform steps, the weak lines at one end and the stronger lines at the other. The 
standard was made as follows. A piece of opal glass was illuminated by an electric light 
and masked so that when viewed from the side away from the light an opening about one 
centimetre by ten centimetres was visible. In front of this opening and running at right 
angles to its length were placed twenty small wires one-half millimetre in diameter and 
four centimetres long. A camera was used to photograph the illuminated opening being 
placed at a distance such that the length of the image of the illuminated opening was 
seven millimetres. The images of the wires which show as absorption lines were about 
-04 of a millimetre wide. This is about the width of a good spectrum line when photo- 
graphed with a one-prism spectrograph giving a dispersion of 30 A at Hy. An exposure 
of sixty seconds was given and then the end wire was removed and the exposure resumed 
for six seconds when the second wire was removed. The following exposures, expressed 
in seconds, were made, one wire having been removed between each. 

GO.6, 7, (; 3,9, 9, 11,.12,-13, 14, 15, 17,.19, 21,23, 25, 22, 30, 33, 37. f 

The plate was developed and the lines showed a good gradation in intensity, the 
faintest being just visible and the strongest clear and sharp, a very good match for some 
of the best spectral lines. Several trials were made and two scales finally selected, one of 
which was used by Young and one by Harper (see Plate III). In each of these scales the 
line width is about the same but the latter’s scale shows a greater change per step. 

Considerable experimenting was done also in an attempt to obtain a standard which 
would measure both intensities and widths. It was found too difficult, however, to 
reproduce the characteristics of spectral lines and the method was finally abandoned for 
the simpler procedure. 

In using the standard scale we do not attempt to match a line of the scale with a line 
in the spectrum. The standard scale is placed over the plate to be measured so that the 
artificial lines are beside those to be measured in the stellar spectrum and the mental 
picture of the relative intensity of the two stellar lines is carried over and equated to an 
equal ratio in the standard. The problem is to find a pair of lines in the standard scale 
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which give the same intensity ratio as the two lines in the spectrum. It is convenient and 
probably the best procedure to select lines in the standard of about the same absolute 
intensity as the spectral lines and this can usually be done. This procedure is very much 
simpler than to attempt to find a line which matches in every way any given spectral line. 
In this latter case, the character of the edges of the line and its width enter. In the 
adopted procedure the comparison is always made between lines of the same character. 


The constancy of the standard and the reliability of the method of measurement have 
been checked from time to time by remeasuring a number of stars and comparing the 
results. It has been found that even after comparatively long intervals one returns to 
the same values. Further, both scales have been used for the same stars by the same 
observer and the measures agree very well when the proper conversion factor has been 
applied to change from one scale to the other. We think that any other observer could 
use the curves we have derived connecting line intensity and absolute magnitude by 
making a similar scale and measuring a comparatively small number of stars to find the 
step value of the scale. It would be essential, however, to use spectra taken with an 
instrument giving about the same dispersion and purity as the spectrograph attached to 

he 72-inch telescope. 


Figure 2 gives a graphical comparison of the step values obtained by the two observers 
from the same stars each using his own standard scale. In this curve the ordinates are 
steps on the scale used by Harper and the abscissae are steps on the scale used by Young. 
This curve would enable either observer to use the empirical curves connecting absolute 
magnitude and line intensity constructed by the other. If for instance for a certain 
pair of lines in a star Harper obtains an intensity difference of 6 steps he might convert 
this into an absolute magnitude by using 6 steps on his own curves or 13-3 steps on Young’s. 
Conversely, if Young obtained 15 steps for the same pair of lines he might convert this 
into an absolute magnitude by using 15 steps on his own curves or 6-8 on Harper’s. The 
shape of the curve depends primarily on the character of the standard scales but to a 
small extent it depends on the observer. That this is true can be seen from a comparison 
of figures 2 and 3. Figure 3 is a comparison of the two scales when used by the same 
observer for a number of lines. 


There is very little difference in the curves of figures 2 and 3 for steps below eight on 
Young’s scale but for larger steps the difference increases till it is quite marked. The fact 
that two observers may use the same scale somewhat differently does not vitiate what 
has just been said about the practicability of either observer being able to convert his 
measured values to fit the empirical curves of the other. 
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Fig. 2. Curve showing measured steps for a few stars from Harper’s and Young’s measures each using his own 
scale. Ordinates are Harper’s values, abscissae are Young’s values. 


2 4 6 8 10 12 14 16 18 


Fic. 3. Curve showing measured steps for a few stars when both scales were used by one observer. Ordinates are 
the measures using Harper’s scale and abscissae are the values using Young’s scale. 


V—TuHeE DETERMINATION OF THE TYPES OF THE STARS 


For most of the Boss stars and all the H.R. stars on our list no types were available 
save those given by the Harvard College Observatory. The experience of the Mount 
Wilson observers showed that the types as listed in the H.R. catalogue were subject to a 
fairly large accidental error and it seemed worth while to redetermine the types of the 
stars we were using. For some time we measured pairs of lines according to the method 
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followed by the Mount Wilson observers® but later discarded this method for the simpler 
procedure of eye estimates. The reasons for this were several. In the first place the 
measures of any pair of lines for type need a correction for absolute magnitude and the 
time spent in estimating several pairs of lines and reading values from curves was very 
much greater than direct eye estimates while the latter seemed sufficiently accurate. 
In the second place, the effect of any small error in the type did not seem to alter the 
absolute magnitude derived for the star because we use a rather large number of lines. 
The usual tendency of an error in the estimation of the type was to make the agreement 
of the absolute magnitude derived from the various lines a little poorer without altering 
the mean very much. Besides, any small error in estimating the type of the stars by an 
eye estimate comes not so much from the lack of sensitiveness to spectral differences as to 
the indefinite nature of the Harvard definitions of spectral types. 


The difficulty arises from the multiple nature of the Harvard criteria which are often 
contradictory. Thus we are told that in type A5 “the calcium line K is 0-9 times as 
intense as the compound line H and H, and more intense than H;. Line 4481-2 is no 
longer the most conspicuous among the solar lines.”” As a matter of fact if one takes the 
intensity of the calcium K line as a criterion one can find A5 stars showing scarcely any 
metallic tines whatever and on the other hand in many stars in which the calcium line K 
would place them in class AO or A2, the metallic lines are very numerous and fairly strong. 
In the later types the Harvard criteria pay special attention to the hydrogen lines, the 
G band and the calcium line \4227, all of which show variation with absolute magnitude. 
An inspection of the absolute magnitudes of the F-type stars shows that they are affected 
by this factor. Among the early F-types there are no stars as dwarfish as 5-0 or 6-0. 
The reason for this seems to be that in the very dwarf stars the hydrogen lines are weak- 
ened and the calcium line \4227 is strengthened which favours the star being placed among 
the later types. The presence of small inconsistencies in the Harvard classification has 
been recognized for some time and the International Committee on Stellar Classification! 
remarks :—“‘It is evidently ultimately desirable that each spectral class should be precisely 
defined, both by verbal description and by means of standard stars. The present moment, 
however, does not appear opportune for doing more in this way than has already been 
done at Harvard.” It seems to the writers that if the system is to be definite the multiple 
nature of the criteria must be abandoned. 


For our purpose all we wished was a system which would agree with the Harvard 
scale on the whole and which would enable us to place each star in a definite place in that 
scale. For types earlier than F we have used the ratio of the K line to H; or H + H, as 
given by Harvard for the various divisions. If the star was definitely FO or later, we 
shifted the attention to the ratio of the lines \4227 and Hy. These lines are about equal 
to each other in F8. For stars later than F8 we used the absolute strength of the line 
44227 up to and including K9 stars. The line \4227 reaches its maximum strength 
about K9 or MO and in the late M-types is much weaker. If our criteria showed the star 
as late as K5, we looked for the presence of the titanium oxide bands and when these 
were present the star was placed in class M. If the titanium oxide bands were not present 
the star was placed in the K-type, its exact place being fixed by the strength of the cal- 
cium line \4227. We have chosen stars as typical of the various classes. 
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Fig. 4. Plot of the Harvard and Victoria types in the first twelve hours of right ascension. Ordinates are Harvard 
values and abscissae are Victoria values. 
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Fic. 5. Plot of the Mount Wilson and Victoria types in the first twelve hours of right ascension. Ordinates are 
Mount Wilson values and abscissae are Victoria values. 
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On one plate (see Plate II) we have photographed, Vega AO, 101 Herculis A3, 15 
Vulpeculae A5, » Herculis F2, y Serpentis F7. On another plate (see Plate III) we 
have photographed ¢ Herculis G1, 6 Bodtis G5, a Bodtis KO, + Herculis K3, y Draconis 
K5, 6 Ophiuchi K9 and a Herculis M6. In addition to these we have chosen the following 
stars as typical of the various subdivisions in the M-types for which we used as a criterion 
the strength of the titanium oxide bands, 6 Andromedae MO, a Orionis M1, » Geminorum 
M2, 6 Pegasi M3, a Herculis M6, R Lyrae M7, and 45 Arietis M8. (See Plate IV). 
Figures 4 and 5 show a graphical comparison of our types with those determined at Har- 
vard and Mount Wilson. The ordinates are the Harvard magnitudes in figure 4 and the 
Mount Wilson magnitudes in figure 5, while in both the abscissae represent our own 


types. 

The agreement of the Mount Wilson and the Victoria types is very good. In the 
early F-types we estimate one or two-tenths later and in the very late K-types we have 
several stars which we call K7 to K9, whereas very few stars in the Mount Wilson types 
are later than K5. Otherwise the agreement is almost perfect and the accidental error 
of both systems is satisfactorily small. As was pointed out before, we have made our 
criteria for type as simple as possible and we think that the small probable error which 
the types show, together with the fact that the division into types is perfectly definite, 
should go a long way toward establishing the simple criterion as a basis for selection of 
type. 

The curve showing the relation of our types to the Harvard is not very satisfactory. 
Part of the lack of agreement may be due to the fact that the Harvard classification does 
not recognize all the intermediate types and part may also be due to errors in proof reading 
or printing. Part may also be due to the divergence of the criteria we use from that 
employed at Harvard but inasmuch as our types are almost always in exact agreement 
with the Mount Wilson values and have been arrived at by independent methods, we 
think that the main cause of the differences found for most of the stars is accidental 
error. The comparison shown in figure 4 rests on the stars in the first twelve hours of 
right ascension. It seemed to us that the plot of the next twelve hours on the same 
sheet would only confuse the appearance of the diagram without altering the salient 
features. 


Before leaving the discussion of the types of the stars we refer to the class with the 
c-characteristic. In the original classification of these stars by Miss Maury they were 
associated with sharp lines. We doubt if this is their distinguishing characteristic for 
many of our very dwarf stars have the very finest lines and the spectrograph attached to 
the 72-inch telescope gives fine spectra. The lines in the c-stars are marked by strong 
absorption and fair width, consequently in spectra taken either with low dispersion or 
with high dispersion, if the purity is not great such as in objective prism spectra, they 
would appear sharper than the finer and weaker lines in the more dwarf stars in which the 
lack of purity would decrease the contrast of the absorption lines. The fact that these 
stars have always been associated with sharp lines is particularly misleading at the present 
time when the density in the c-stars is known to be low and one is inclined to ascribe the 
narrow character of the lines to the low density. 


THE ABSOLUTE MAGNITUDES AND PARALLAXES OF 1105 STARS Ne 


VI—Tue DETERMINATION or THE EmptricaL Curves Reitatinc Lins InvTEensrty TO 
ABSOLUTE MAGNITUDE 


There are approximately 500 stars in our list whose parallaxes have been measured 
and it is these stars that we have used for obtaining the curves relating line intensity to 
luminosity. It will be sufficient if we show the procedure for one of the lines as all have 
been treated alike. The stars were first divided into groups containing on the average 
about ten stars though some groups contained as few as four and one contained 33. The 
basis of division into groups was type and absolute magnitude. In any group the range 
in the types was about one-half a main spectral division and the range in absolute mag- 
nitude was confined, so far as we could determine it from parallax or from the spectro- 
scopic values already published, to about one magnitude. In the case of the nearby stars 
the trigonometric parallax gives good individual values for the absolute magnitudes but 
for the giants whose parallaxes are small these are unreliable and we adopted the mean 
of the trigonometric and the spectroscopic as an indication of the group to which to assign 
the stars. The reasons for this procedure are more fully outlined in section VII. The 
mean of the ratios of the intensities for the stars in the various groups was formed and 
plotted against the mean absolute magnitude. In forming this mean we used the spectro- 
scopic absolute magnitude of the Mount Wilson observers. It would have been more 
consistent probably to have used the same values as used for assigning the stars into 
groups but at ie time we placed most dependence on the spectroscopic values. As a 
matter of fact it makes very little difference in the mean values whether we used the 
Mount Wilson values of the trigonometric or those derived later from proper motion 
because the means for the groups from all three sources are in substantial agreement. 
This part of the work too was very preliminary and has little effect, as will be seen later, 
on our final results. The result of this plot for the line \\ 4071 : 77 is shown in figure 6. 
The ordinates are steps and the abscissae are absolute magnitudes. ach circle represents 
the mean of a number of stars forming a group. This number and the mean type for 
each group is indicated in the figure. 
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The graph enabled us to obtain a preliminary idea of the variation of the line with 
type as well as with absolute magnitude but because each group contained a fairly wide 
range in types the variation with this factor is not well shown. To obtain the variation 
with type more definitely we redivided the groups making the limits for the types in each 
group narrow and including wider limits in the absolute magnitudes. The limits chosen 
were about two-tenths of a Harvard spectral division and two absolute magnitudes. 
By means of the curves just drawn, the mean step value for each of these new groups 
could be reduced to what it would have been had the mean absolute magnitude for the 
group been the nearest integer. In this way we obtained the curves shown in figure 7 
giving more clearly for each absolute magnitude the change in line intensity with type for 
the pair of lines \\ 4071 : 77. 


Vic. 7. Relation between Type and Line Intensity 4071:77 


For each of the forty-nine groups of stars we next computed a new absolute magnitude 
as outlined in Section VIT and co-related these with the mean step values for each line 
and each group. Columns one to four of Table 2 give the results of this computation 
for the line \A 4071 : 77. Column one gives the numbers of stars in the group and column 
two gives the mean type as determined here. Column three gives the mean absolute 
magnitude which we assigned to the group, while the fourth column gives the mean step 
value of the ratio \\ 4071 : 77 for the various groups. 
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TABLE 2 
No. of Mean Victoria Mean Reduced | No. of Mean Victoria Mean Reduced 
Stars Type M Step to F8 Stars Type M Step to F8 
e G1-9 +5-80 + 8-4 +7.-0 5 F4-0 2-60 — 6-0 — 4:3 
v4 G7-4 5-46 +10°5 7-2 9 G6-0 —0-90 + 1-2 — 5-1 
10 G2:-8 2-97 + 4:3 +1-1 6 AZ +0-60 — 6-1 6 
i GS-0 6-23 +11-6 +8-1 11 AZ +2-01 — 4-6 ? 
10 G6-1 1-38 + 3-8 —3:-0 8 A8 +2-69 — 3:8 ? 
10 G2:0 3°85 + 6:9 +4-9 8 F4-0 +2-36 — 3:8 — 1-9 
10 G1-2 4-77 + 7-2 +6-1 7 F3-0 +2-90 — 0-4 + 1-3 
re G7-1 3:32 + 6:9 +1-7 10 ¥4-0 +2-58 — 0:3 + 1-4 
9 G6-9 5-09 + 9-6 +6-5 4 GO-5 —2:-46 — 6:3 — 8-6 
19 G7-0 1-09 + 5-4 —2-1 8 F7-5 —2-95 — 6:6 — 6-1 
11 Go-9 4.43 + 6-9 +5:-7 7 G2-0 —2-99 — 6-6 —10-0 
7 F4.-7 4-63 -+- 3-6 +4:-6 6 4-0 —0-7 — 7-7 — 4-5 
8 14.2 4-18 + 2-6 +3:°8 22 G7-0 +0-10 + 4-2 — 2:8 
ve F7-3 3°75 + 3-6 +4-0 6 K0-5 —4-14 — 1-2 ? 
10 6-8 3°33 + 2-5 +3-1 6 KO0-5 +3-79 + 8-2 ¥4 
6 F4-3 3°23 + 1-7 +2-8 9 K1-0 +2-04 + 7-0 te 
10 F7-6 3°90 + 4.2 +4.4 3 K6-0 +7-40 +16-8 ? 
7 | ¥F8-4 5-17 + 7-3 +7-2 16 4 —1-08 + 3-4 Ke 
F7-7 4-81 + 5-1 +5-2 12 Kl +5-98 +14-4 v 
11 F7-6 +4-34 + 4-1 +4.-2 8 K6-5 +0-60 + 3:3 2 
8 3-0 —0-46 + 3-5 —1:2 3 K2 +0-50 + 6-2 i 
| 


The various groups shown in table 2 are not very well suited as they stand for obtain- 
ing the desired curves for each spectral type because the mean types for the various 
groups are fractional. The preliminary curves we have drawn giving the approximate 
variation of line intensity with type enable us to reduce the step values found for the 
various groups to what they would have been for closely neighbouring types. Column 
5 in Table 2 shows the reduction of many of the groups to the type F8. The values in 
this column are plotted in figure 8. The open circles represent groups of stars that had 
to be carried forward or backward a considerable number of type divisions and should, 
therefore, be given less weight than the filled circles which represent groups of stars com- 
paratively near F8. The curves relating line intensity to type did not seem to us to be 
sufficiently trustworthy to justify us in carrying the A-type groups as far forward as F8 
or the K-types backward. A curve drawn through the points in figure 8 represents a 
preliminary curve for type F8 showing the variation of the line \\ 4071 : 77 with absolute 
magnitude. This curve is now based almost wholly on our own absolute magnitudes as 
opposed to the first curves drawn which rested on the Mount Wilson absolute magni- 
tudes. Curves were drawn for each four-tenths of a main spectral division from F0 to 
K6. We had to employ a certain amount of smoothing out process in order that the 
curves would show a continuous variation from type to type which we assumed they 


should do. 
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Fia. 8. Preliminary Curve showing Relation of Line Intensity to Absolute Magnitude for pair 4071:77, Type F8 


Absolute magnitudes were computed for all the stars with the aid of the preliminary 
reduction tables and the mean for the groups taken. If this was not in agreement with 
the absolute magnitude for the group which we had derived either from trigonometric 
parallaxes or proper motion data as outlined in Section VII, we assumed that our curves 
led to systematic errors and we corrected each of our absolute magnitudes by this amount. 
We considered that we would arrive in this way at a set of absolute magnitudes which 
would be systematically the same as our original material and which would have a much 
lower accidental error than affected the original ones because our values were based on a 
considerable number of lines. This would be especially true in the small parallaxes. 
In the parallaxes as large as one-tenth of a second or a little less, if they had been observed 
several times, we still considered the trigonometric parallaxes superior. 
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TABLE 3 

No. Mean M Mean M Mt. W. Young Harper 

— of m Type | Adopted Trig. from M M M 

Stars © Trig. 

i 6 4-02 A7 0-60 012 0-60 0-75 1-00 1-37 
2 te 4-65 A7 2-01 026 1-70 1-44 1-93 1-98 
3 8 4-41 AQ 2-69 050 2-89 1-90 2-46 2-24 
4 6 3°85 F4 —0-70 011 —1-00 —1-00 —0-23 —0-13 
5 8 3-75 F7 —2-95 013 —0-70 —1-76 —1-56 —1-61 
6 a 4-00 GO Dee Sige lees cient ldots —3-80 —2°25 —2-16 
ra ii 5-23 G2 —2-99 007 —0-50 —2-60 —3-17 —2-73 
8 8 3-85 G3 —0-46 014 —0-30 —0-15 +0-91 +0-68 
9 6 5-00 F4 2:60 002 —3-50 +1-00 +0-93 +1-07 
10 8 4-11 ¥4 2-36 035 +1-80 -+2-00 +1-61 +1-71 
iE a 5-27 3 2-98 023 +2-00 2°64 +2-53 +2-77 
12 10 5-30 4 2-58 036 +3-10 +2-76 +2-90 +3-00 
13 7 4-96 F4 3°23 -052 +3 -50 +3-20 +3-46 +3-41 
14 8 4-70 F4 4-18 -085 +4-30 +3-40 3:68 +3-46 
15 8 6-10 F5 4-60 -058 4-90 3-76 3.96 +3-70 
16 10 4-97 F7 3°33 -040 3-97 3-21 3-57 +3-35 
17 11 5-15 F8 3:97 044 3°40 3°54 3:91 +3-87 
18 8 5-38 F7 3°75 054 4-00 3-58 3-84 +4-00 
19 11 5-60 F8 4-34 -058 4-40 3°83 4-16 +4-06 
20 9 5-96 F8 4-81 -062 4-80 3:95 4-27 +4-20 
21 7 5-27 F8- 5-17 +106 5-14 4-90 5-03 +4-53 
22 10 4-76 G3 2-97 +029 2-00 1-82 1-96 +2-10 
23 10 §-32 G2 3°87 -055 4-00 3:82 3-76 +3-48 
24 ale 5-20 Gl 4-44 -072 4-47 4-40 4-67 +4-36 
25 10 5-50 Gl 4-77 -078 4-96 4-70 4-68 +4-66 
26 8 6-26 G3 5-75 -081 5:80 5:30 5-00 +4-84 
27 9 3-70 G6 —0-90 016 —0-34 —0-79 —0-25 +0-08 
28 10 4-53 G6 1-43 017 +0-60 0-11 +0-77 +0°91 
29 22 4:27 G7 0-15 017 +0-40 0-68 +1-00 +1-28 
30 19 4-72 G7 1-09 032 +2-23 0-11 +1-46 +1-58 
31 8 5-05 G7 3°32 047 +3 -42 2-21 +2-10 +2-04 
32 8 5-50 G7 5-46 055 +4-20 4-34 +4-30 +3 -42 
33 9 5:77 G7 5-09 079 +5 -26 5-10 +4-88 +5-11 
34 & 5-46 G8 6-23 159 +6-48 5:86 +5-90 +5-74 
35 6 4-15 K1 —4-14 -008 —1-45 —2-50 —3:°35 —2-93 
36 18 3-67 K3 —1-08 -002 — 4:7 0-34 —0-20 —0-03 
oy 33 4-15 K2 0-52 | -022 | +0-87 0-62 | +0-80 | -+0-88 
39 13 4-49 K6 0-60 -026 +1-54 0-57 —0-10 +0-05 
40 12 5-02 Kil 2-04 -038 +2-90 1-42 1:77 +1-28 
41 7 5-43 Kil 3-79 034 +3:-05 3-10 2-04 +2-20 
42 13 5-77 Ki 5-98 -124 +6-24 5:87 5:71 +5-63 
43 8 5-44 K6 7-40 203 +7-00 7-58 | Wess |) 107-55 


Table giving the Mean Absolute Magnitudes derived for the various groups of stars, types A5-K9 


Column five in table 3 gives the values of the absolute magnitudes we adopted as 
best for the various groups of stars from types A5 to K9 and also the mean values derived 
for the same groups from our curves by both Young and Harper. 

We were now in possession of a preliminary absolute magnitude for each of our 
standard stars whose accidental error we believed was fairly small. The great advantage 
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in having individual absolute magnitudes was, that the groups could be dispensed with 
and each type of star treated separately. We plotted the individual measures of line 
intensity and these new absolute magnitudes for each tenth of a spectral type. In order 
to increase the data the types were overlapped, that is to say, for the F1 curve we plotted 
all the stars of types FO, F1, F2; for the stars of type F2 we plotted F1, F2, F3; ete. 
The result of this work did not as a rule result in very drastic changes to the original curves 
but it did enable us in some cases to correct small errors which had crept in by the method 
of forming group means. 


An abbreviated set of reduction tables for both Young and Harper’is shown in Tables 
4and 5. In our unpublished tables every tenth of a spectral subdivision is listed and the 
arguments are the type and step values while the body of the table consists of absolute 
magnitudes. This latter method is the most convenient for use but has the disadvantage 
for publication that for several lines there are two absolute magnitudes corresponding 
to one step value. To overcome this difficulty we have made the arguments type and 
absolute magnitude while the body of the table consists of the corresponding step differ- 
ences. We have listed the step values corresponding to every second absolute magnitude 
only in order to reduce the size of the published tables. With few exceptions the tables 
might be expanded again. Any student who desires to study further the accidental and 
systematic errors which affect our results will be in a position, with the help of these tables 
and the absolute magnitudes published for each line, to reproduce our measured step 
differences for any star. 


TABLE 4 
FO F5 
ar | 407 | 4245. | 4271 4947 4162 | 4071 | 4215 | 4271 4247 | 4258 | 4162 
77| 50 | 90 50 68 || 77| 50| 90 50| 60| 68 
i a | oo a A ee oer ee ee ee ee 
Be SSS Be -1b ~ 3-7 ~10-04+ 5-0l— 0-5/+ 6-0 — 5-8|— 9-6|— 9-8 
3-0\— 1-8|+ 1-8 |— 3-0 E16 — 4.0/4 0-5/4 3-3/4 1-6 3.3. §-e12 ap 
1-0l— 7-214 4-8 |— 5-6 17 4 1-71— 3-8l4- 6-5|— 2-1 1 0-6|— 3-41 gee 
—1-0|—12-9|4+ 8-6 |— 8-4 Ack 411-0— 8-2/4 9-3/— 4.5 4+ 2.0/— 1-0/4 6-7 
oe | (Gees +12-0:|—11-0 ot 2 aa eee —12-1/-+ 8-6|— 7-0 + 4-7/4 1-0]-412 
Go er 
ar | s07H | 4285 | 4271 | 4455 | 4247 | 4258 | 4162 | sori | a2ts | 4455 | 4455 | 4247 | 4358 | 4162 | 4202 | 44s9 | sana | 4455 
77| 50| 90| 62] 50| 60] os] 77] 50) 62| 94] 50| 6o| o8| o7| o4| 96| 89 
POH Oheaty alte. 228 Serbian ay) ih eee Re eee ae A eed es eee u6i0l i ah eee 
BO F-4t 0-0,|-4 7-24 1:71 9.6|— 7-8\—- 9-H Os6lt 1-014 O-GokO@ Jawa fli -8l. nl le 
3-Ol-+ 3-8/+4-4 |+ 4-7/— 0-6|— 6-6— 5-3|— 5-O|+ 6-7|+ 4-5|— 2-1/+3-0 |—-11-0|— 6-3/— 9-01-+13-0|—10-81-+ 9-8|-415-0 
1-0/-+ 0-2]4+7-8 |+ 1-9|— 2-0]— 3-7|— 3-6/— 3-0/4 3-2/4 7-6l— 3-7] 0-0 |— 7-5|— 4-5|— 7-0-4 7-8|— 8-214 5-4/4 9.9 
ac ea ANT 0 os — 0:0) 2)01— 10-0311 0h +-2-64— -4-0|— 2-6\— 2-6/4 3-0\— 4-8/4 1-2l4 4.4 
—3-0/— 7-3/+8-6 |— 3-9]...... + 2:0/— 0:4/+ 4-0/— 8-8)/+ 8-2)...... +5-2:/— 0-2|— 0-5/4 3-0/— 4-0/+ 2-5/— 3-8I|— 4.0 


‘THE ABSOLUTE MAGNITUDES AND PARALLAXES OF 1105 STARS oS 
TABLE 4—Concluded 
KO 
M 4071 | 4215 4455 | 4247 | 4258 | 4162 4455 | 4455 4202 | 4489 | 4494 | 4455 
wie 50 62 50 60 68 82 94 07 94 96 89 
eee Ted REPU ROR Met sexi see” IRA laa SEROSO(R eee ol) pene col eee Ole ea 
6-0)/+13-3|— 2-0 + 1-6'—18-1)/—11-7|—13:8 at ais tO: Ae eee A | Gpreme rN (gare or IC eh ie ee 
4-0/+10-0/+ 1-2 — 1-9/—15-3}/— 9-5/—10-5 Sm OR Hier ae: SCS] ef cd | —12-0)/+11-2/+12-7 
2-0)+ 6-7)/+ 4-0 — 4-:2)—-12-4/— 7-4|— 8-3 + 4-4/+ 1:3 + 9-7/— 9-5)/+ 7-5/4 8-8 
0-0/4+ 3-5)+ 6-5 — 6-2)— 9-4|— 5-1/— 6-0 + 2-2 0-0 + 5-8/— 6-6)/+ 4-2\+ 5-3 
2 Otay tf — 6-6/— 1-6/— 3-3 — 0-1/+ 2-0 + 1-0/— 2-0/— 0-5/+ 1-6 
ok, he: eee rn — 3-614 1-0|—. 0-5 SCE = 5-0 7-5\— Beal 4-8 
I 
K5 
M 4071 4215 4455 4455 4258 4202 4455 4455 4489 4494 
aie 50 62 94 60 07 82 89 94 96 
oc UL 4 |: Pera — 5-7 + 7-2 ee a tae eke Bare | cacan aie: Ba ST AOU see Mian — 1:5 + 3-0 
BO e |b Gees «nS — 1-4 + 1-0 SOE Niece, cles ceo late clare eee + 6-4 -+13-0 — 9-0 +11-0 
4-0 +10-8 + 1:3 — 2-5 Stemsese () Piet Wie, een Aisreterl  eitiena. + ite Bes + 4-6 + 9-7 ? ? 
2-0 + 7-0 + 3:0 — 4:8 0-0 == HCE ||| eee eyes +o2-7 + 6-5 — 9-5 + 7-4 
0-0 + 3-4 + 4-7 — 7-0 — 2-0 — 6:5 + 5-0 + 0-8 + 3:5 — 6:6 + 4-0 
—2-0 — 0-2 ? ? a Oats 422) We FOr? | —adee "0-0 —at 0 = 08 
—4-0 — 4-2 ee We ore Rian Aes + 2-0 — 6-0 — 3-6 — 5-0 — 7-5 — 5-9 
MO 
4071 4482 4258 4202 4455 4455 4489 4494 
77 94 60 07 82 89 94 96 
2-0 + 7-6 — 3-2 —10-6 + 7-2 + 1-6 + 5-6 — 6:5 + 4-3 
0-0 + 3-2 0-0 — 6:4 + 3-2 — 0-7 + 2-2 — 3-0 + 0-7 
—2-0 ae: geo). Gat). ce ORee 9-0: s/o 1-8 41:8 = 4.6 
—4-0 — 5:8 + 6-7 + 3-0 — 5-0 — 5:3 — 6-0 + 7:3 — 8-0 
M5 
4071 4482 4258 4202 4455 4455 4489 4494 
‘as 77 94 60 07 82 89 94 96 
2-0 +10-0 PGP (hi 8. ao” (eas Tees eee eee 1% +13 
Gul ie, 686 G-Ocslee=O.e Seton + 18 = 2.8 
0-0 + 3-0 
—2-0 = Beye + 6-0 — 2-0 — 4:6 — 3-0 — 1:8 + 7-5 — 7-2 
en —10-0 411-5 | +26 | —10-0 | —5-4 | —6-0 | +411-5 —12-0 
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The preceding table gives Young’s reduction curves for obtaining the absolute 
magnitude from the measured intensity of the ratios. The arguments are absolute 
magnitudes and the body of the table consists of the measured step values. 


TABLE 5 

FO : F5 
M 4071 | 4215 | 4271 4247 | 4258 | 4162 || 4071 | 4215 | 4271 4247 | 4258 | 4162 
UG 50 90 50 60 68 ae 50 90 50 60 68 
le ON epreecexs SNe oweed | wl) lipecaes — Oe ere Sit) cemtlCO URN con Ano oc ok 
5-0 steed lect- Ord fade] || uaillestererre —5-1} —4-8] +2-7| +0-2) +2-7 —3-4) —4-8) —4-4 
3-0 —0-7| +1-4; —0-7 —2-4| —3-9| —2-0/— 0-2) +1-5) 0-0 —1-3) —3"4) —1-4 
1-0 Sod t-2*8| eS +1-5} —1-8) +0-4) —2-5) +3-1) —1-5 —0-6| —2-1) +0:2 
—1-0 —5-1} 44-5} -—4-6, |  |...... oz ayers —4-3] +3-7| —4-5 +0-8) —0-9| +-2-1 
Sil eoadotalboosoc|ecccoN lla lsqoneo bomen boonde —5-9} +2-7)...... +2:-4| +0-4) +4-4 

GO G5 


4455 | 4455 | 4247 | 4258 | 4162 || 4071 | 4215 | 4455 | 4455 | 4247 | 4258 | 4162 | 4202 | 4494 


62| 94| 50| 60] 68] 77] 50| 62| 941 50} 60| 68] 07| 96 


+2-1/+4-6 | —5-2| —6-4)...... +7-6|—2-2 |+2-3 | +5-6)...... ANOP4 | Sls, oes = fol eee eee 
+0-8/-+3-1 | —4-5} —5-0} —3-6] +4-0) 0-0 |+0-7 | +38-5} —5-1) —5-1]...... aoa cece 
—0-4/+-1-8 | —2-6} —3-7| —2-6] +2-7/+2-0 |—0-7 | +1-9| —3-4| —4-0/-3-9:)...... +3:°8 
—1-6/+0-7 | —1-5) —2-6) —1-3] +1-4/+4-2 |—2-0:| +0-8| —2-1] —3-0/—3-1 | 43-5} 441-8 
AG fae a t=O 26} Olt Oe 2i\e-t-Ollll: erereverel leveeieters +1-2) —0-7) —1-9)—1-7 | +2-1 0-0 
—0-2)4+2-4:) +0-5| —0-5) +2-2] —2-5/+4-0:/—1-0 +0-5) —0-7/4+0-4 | +1-1]........ 
4 
KO 

M 4071 | 4215 4455 | 4455 | 4247 | 4258 | 4162 4455 | 4455 | 4482 | 4489 4202 | 4494 

77 50 62 94 50 60 68 82 89 94 94 07 96 
8-0 +8-0} —3-2 Speed) Sewer SNe ee) Meno Sa ienraeleeceee | ieee heelee 
6-0 +6-0) —1-3 +1-4| +3-8] —6-6)—5-6 | —4-9 +3:5) +4-2)/+0-9 | —1:3 +4:0} +2-0 
4-0 +4-4) +0-8 —0-4| +2-0} —5-3)}—4-6 | —5-4 =e Ailll ot srdil aiasvorerelllevetereiete +6-0| +2-9 
2-0 +3-0} +3°3 —1-8} +0-8} —4-2/—3-6 | —4-0 +1-2) +1-4)—2-2:| —1-8 +4:0) +1-7 
0-0 a GOA Sano SOW eeetinn —3-1|—2°6 | —2-7 +0-5} +0-4)—1-1 | —0-7 +2:-44 +0-7 
—2:0 —0:4| +3-5 —3-7| +1-0| —2-0/—1-5 | —1-4 —0-3) —0-7} 0-0] +0-5 +0-8} —0-4 
~4-0 —1-3) +2-4 —2-5| +2-4) —0-6)—0-2 | +0-2 —0-9} —1-8/+1-1 | +2-3 —0:8| —1-5 
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TABLE 5—Concluded 
K5 
M 4071 | 4455 | 4455 | 4247 | 4258 | 4162 | 4202 | 4455 4455 4482 4489 4494 
37 62 04 50 60 68 07 82 89 04 94 96 
8-0 | +7-5] +46] 46-2) —7-2] —8.4/ -1-2] 41-7] +44 | +62 | +23 | +401 | +0-4 
6-0 | +6-0| 41-2] +3-8]........ —74| —44| 44.5) +9:8 | a-5 0-0 | -2-0 | +2-9 
4-0 } +48] —1-2] +412-9]........ oS OOP eteB de hOs0 | ert en deslieeee ae. 43-7 
2-0 | 43-4] —3-1] +0-6| —7-7| —5-3| -4-0] +40] +10 | 42-2 | -1-5 | -1-8 | +2.3 
0-0 | +1-6]/ —3-1] —0-5| —5.4| —3-4] -2-1| +2-2] +0-4 | +02 | -04 | -o-7 | +0-7 
—2-0 || —0-2| —2-0|/ -0-2] —3.3] -1-3] +04] +02] -o2 | -1-0 | +06 | +08 | —0-7 
—4.0 || -2-0]........ 2) CE es 1 eM ae ee |e = 0h tie? |) 2-90) e—t-6 
Mo 
M 4071 | 4455 | 4455 | 4247 | 4258 4202 | 4455 4455 4489 4489 4494 
77 62 94 | 50 60 07 82 89 94 04 96 
i Eas eee eee (eee E26-0:bay gil! |Reh se liracea (0.3), Soe. chee lee, es. ieee, | aera 
Be 8 53-8] 0-80) 4-1-8 cs —5-5 eacOy) eto | 46.8 en ee —2-2 | 42.3 
0-0 | +1-9| -—1-7| 0-0| —6-0| —4-1 a 0-00) +18 |) 4-0-2.) 0-69) 0-4 
—2-0 || —0-2]......s. isi 359 | —1-5 =0-9 |) =1-0)* 20.20? ae) | ats ae 
—4.0 || —2-0]........ +1-9| —2-3| -+1-0 —3-0| -2:0 | -29 | +434 | 43-4 | -3-2 
M5 
M 4071 4455 | 4247 | 4258 4202 | 4455 4455 4482 4489 4494 
77 94 50 60 07 82 89 94 94 96 
PR) Oe 0 ees eee —6-7 fe a ene, aa —1-7 | 41-9 
0-0 || 41-6 0-0} —6-0| —4-4 ie tee ee Ovba) ste 0-0 | —0-8 
-—2-0 || —0-6 41:6) —4.2| —1.2 08 | —O5 | 1-5 | 2-6) | 9-0) 3-9 
—4.0 || —2-9 42:8.) 2:6 | 4-1-2 =2:9))\ =2-4 | —3:0 | +4:4 | 444 [oo... 
The table immediately preceding gives Harper’s reduction curves for obtaining the 
absolute magnitude from the measured intensity of the ratios. The arguments are 
absolute magnitudes and the body of the table consists of measured step values. 


The preceding discussion relates to stars of type earlier than K6. In the later K- 
and M-types the difficulties are more numerous because in the first place we have practic- 
ally no reliable parallaxes and secondly for about half our stars no spectroscopic paral- 
laxes. This latter, however, did not so much matter as our experience in the late K-type 
stars led us to believe that the absolute magnitudes published by Mount Wilson for types 
later than K2 were somewhat unreliable. In any case we desired to have our results 
as independent as possible. The distinctions between dwarf and giant M stars did not 
concern us particularly because these are very apparent and only a few dwarf M stars 


were on our list. We desired reliable criteria for grading the giant M stars. 
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There were a few stars such as a Orionis, a Scorpii and « Herculis that we felt reason- 
ably sure were real giants both on account of their measured parallaxes and because their 
proper motion indicated great distances. They showed all the lines on which we placed 
dependence in the K-type, indicative of a very giant character. 

We computed the parallax to be expected for each star according to the formula 

a = » (-089V.2 + 17-82 sin’d)~” 

The absolute magnitudes derived from this formula were plotted against the step 
differences measured for the lines which held good in the K-type and which gave every 
indication of continuing to be of service in later types. It was quite to be expected that 
these plots would be very discordant on account of the great uncertainties in the assigned 
magnitudes but nevertheless they did seem to be in accord with a continuation of the 
lines used in the K-types. Naturally the slope of the curves was somewhat uncertain 
and we adopted as preliminary practically the same slope as existed in the earlier types 
and drew the curve so that the absolute magnitudes were represented in the mean. We 
read off preliminary absolute magnitudes from these curves. It was very satisfactory to 
find that the accordance between the lines was good. We went through several approxi- 
mations, first obtaining a set of absolute magnitudes and then replotting curves, trying 
varying degrees of slope so as to produce on the one hand as good accordance as possible 
and still have a set of curves which joined on to and was in agreement with the curves 
already obtained for the K-type. 


VII—Tue Division oF THE Stars INTO GROUPS AND THE DETERMINATION OF THE MBEAN 
ABSOLUTE MAGNITUDES OF THE STARS IN THE GROUPS 


There are several ways of deriving the mean absolute magnitude of a group of stars. 
The various methods necessarily make use of either the trigonometric parallax or the 
proper motion. None of the methods are entirely satisfactory because the errors, both 
accidental and systematic, which are inherent in the observations together with the 
hypothesis of random motion which must be made, introduce errors which are difficult to 
_ evaluate. 

Suppose we have a group of N stars for all of which we have radial velocities, proper 
motions and trigonometric parallaxes. Let 
= The ratio of circumference to diameter. 


The true parallax. 
>» = The measured trigonometric parallax. 


le} 


SS) aS 
II 


gee ae 

M, = The true absolute magnitude, defined as the apparent magnitude at a 
distance corresponding to a parallax 0-1, so that M, = m+5+ 
5 log a. 


m = The apparent visual magnitude on the Harvard system. 

» = The parallax of a star computed from an absolute magnitude. 

Mm = The absolute magnitude computed from a measured parallax. 
Vo) = The radial velocity of a star corrected for solar motion. 


I 
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Trigonometric Parallaxes (First Method) 


Suppose the N stars have the same M and r and therefore the same m. The observed 
values of 7, if there are no systematic errors, will cluster about 7 some being less and some 
greater. Let the observed distribution of the errors follow the law of propagation of 
error with a probable error p. The number of errors lying between x and x + dz is given by 


h dpe 
N =e e dx 
where h = -4739 p. 


For these stars, the observed ry is + x and 


Mam=5+m+5 log (7 4+ 2). ~ 
Hence the average observed absolute magnitude will be given by 
1 (+ ae 2 —. A 
ne N(5+m-+5 log r+a)e-h’ — dr, 
This reduces to N)-o Te 


oh tak © TN eee 
5+m+5 log « + —=| log(1+—)e" de. 
Vm.) 7 


5h a oe (14 =) + log (.- =) 
On (= us 7 
V0 : 0 10) (7?2#) 4348 oe 


This integral, if extended to the limits given, is a complex quantity due to the fact that 
the logarithm of a negative quantity is imaginary but in the evaluation of the mean 
absolute magnitudes from individual trigonometric parallaxes negative values can not 
be used. If the integral is extended over the limits for which the computed absolute 
magnitudes are real the integral is always positive showing that the absolute magnitudes 
derived in this way will be too small or that the stars will be computed more giantish 
than they really are. The difficulty of having negative values in connection with trigo- 
nometric parallaxes is one that can not be overcome and the theoretical treatment must 
at best be an approximation. In the treatment of this question in the work of the Mount 
Wilson Observatory the error function is expanded in a series. Thus on page 4 of Con- 
tribution No. 199 they put 
r=14+E4+3E 
but this series is only legitimate provided E is less than unity. Theoretically E extends 
from plus infinity to minus infinity but in practice it will be small and the formula serves 
to show the nature of the operation of the laws of error on the derived absolute magnitude. 
To obtain the numerical value of the integral we may plot the curves 


x x 
5h log ( a =) a os (1 = 2) 
Yy — Tv 1S 


for various values of h and 7. (ef. Figure 9). 
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Hach curve is asymptotic to a line whose abscissae is equal to the parallax of the 
group for which the curve is drawn. For the curve with the smallest ordinate at maxi- 
mum, for which t = -’’100 and p = -015 nearly all the errors are less than the parallax 
for the group and the correction which must be applied can be measured from the area to 
be about -06 of a magnitude if we neglect errors greater than -’’093 in 7. In practice 
errors half this size very seldom occur. It must not be forgotten, however, that among 
measured parallaxes positive errors are more likely to be present than negative ones. 
The extent to which this tendency is present in a group is quite unknown but it probably 
has a much larger effect than the one just calculated and it will operate in the opposite 
way. 

The second curve for which 7 = -’’040 has been computed on a basis of a probable 
error in the parallaxes -’’010. The correction to M is less than 0-2 if we neglect errors 
greater than -’036. A considerable percentage of the errors would be greater than 
-’036 were they distributed according to the laws of error. It seemed to us that in 
both these groups of stars the neglected negative errors would more than counterbalance 
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our computed corrections and we have accepted the absolute magnitude computed for 
the groups by this method without alteration. The foregoing considerations have been 
derived for a group of stars all of the same m and 7 but they hold equally true for a group 
of stars where this condition is not demanded. 


Trigonometric Parallaxes (Second Method) 


Instead of computing the absolute magnitude corresponding to each star, we may 
‘take the mean of the observed parallaxes first and then derive 


Mm = m+ 5+ 5 log m 


where the bar indicates mean values. This method has the advantage of being able to 
include negative parallaxes and the only correction to the computed absolute magnitude 
will be 


5 log mo — 9 log mo 


For a large group of stars we may assume that the accidental error in the measured paral- 
laxes vanish so that 7 = 7... We would be in a position to calculate the magnitude of the 
correction if we knew the distribution of the values of the true parallaxes between various 
limits for the stars in the group. 

As an example we will take the 39th group of our list. In this group there are thirteen 
stars whose approximate M, m and 7 are given in the following table. 


0-9 4-6 -018 0-7 4-4 “018 0:3 5:6 -009 
0:8 4-7 -016 0-5 4-5 016 0:6 5:9 009 
1-1 1-1 -100 0-2 4-1 -016 0:3 4-9 -012 
0:7 5-9 -009 0-3 3-0 1°43 ee Innere Peer ern liznG Aro Gisp5.0 0 
0-5 4-2 -018 0-5 5:5 MOD \esisis cya tas Bes cokemirons iaueiiere | enone traces 


We do not know the true parallaxes for these stars but those given are approxi- 
mate values and assuming that these are sufficient to compute a correction, which usually 
will be small, we can at once derive 


5 log ty — 5 ede = —0-60 


The absolute magnitudes obtained by the second method are too dwarfish. The 
correction 0-60 arises largely from the introduction of the one star whose apparent mag- 
nitude is 1-1. The correction would be reduced to —0-14 if this star were omitted. 
We see, therefore, that the mean M computed by this method will be very good if we 
include stars in one group with reasonably small dispersion in M and m. The true mean 
absolute magnitude of the group should lie between the values found by the first and 
second methods provided one can neglect the general tendency to measure trigonometric 
parallaxes too large. Both methods, however, are best applicable to stars of fairly well 
determined parallax. The proper motions of the stars must be relied upon for the mean 
parallax of the most distant stars. 
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Proper Motions 

The first method that occurred to us to use was that developed by Kapteyn giving 
the mean parallax as a function of the apparent magnitude and proper motion. This 
method has been elaborated by Van Rhijn in Gronigen Publications, Number 34. The 
objection we see to the method, however, is that the stars are divided into groups on the 
basis of the proper motions which a‘e themselves to be used for getting the mean paral- 
laxes. Moreover, when we select a list of small proper motion stars we may pick out 
those that are moving most rapidly in the line of sight. That these tendencies are oper- 
ative is shown from Van Rhijn’s work itself when he finds that the mean parallax of stars 
of zero proper motion is not zero. It seemed to us inevitable that the method would 
make the giant stars too giantish. The objection we have urged against taking the 
proper motions as a basis of division holds, though possibly with diminished force, when 
the grouping is based on a particular component of the proper motion. 


We have used the two well known formulae 


v sin A 
t= O23, 
wg = 4°738 Ve 


and a third formula 
x =p (17-8 sink?’ + -089 V,2)~? 
which we will now develop. 

Suppose we have N stars at the point a and 6 in the sky whose distance from the 
apex of the sun’s way is \. Suppose also that all these stars are at the same distance, 
parallax 7, and further let the space velocity of all the stars be the same, V,. Suppose 
the stars in regard to direction of motion are moving at random, then the N vectors 
representing the space velocities of the stars will have their ends uniformly distributed 
over a sphere. 


3 


X 


At the point O draw three rectangular axes, OZ in the direction of the line of sight, 
OY in the direction of antiapex and OX, perpendicular to these two. The proper motion 
component caused by the velocity of the sun through space lies along the line OY. Let 
K represent it. 
K = -2111 Vom sin X 


K is expressed in seconds of are per year if VO, which is the velocity of the sun is in 
kilometres per second. Let OS represent the peculiar velocity of the star. OS’ is the 
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component which contributes to the observed proper motion. Let 
EL = +2111 Vs. 


then the proper motion component due to the space velocity V, of the star equals L sin @. 
The total observed proper motion is given by 
we = (K* + L*sin?@ + 2KL sin 6 cos ¢) 7°. 


For stars for which @ is constant we obtain the average value of » to be given by 
fe 


(K? + L? sin?@ + 2KL sin 6 cos $) “dd 


La 
i 
T 


and if we are content to take the mean of the square of » we obtain 
aoe 
ge (K2 + LL? sin2¢@), 
The number of stars which will have a value 6 lying between and 6 + dé is given by 


~ sin 6d 6 


and since in our formula for mean values the angle enters as the square we have the total 
number of stars for which sin? 6 is alike to be N sin 0d 0, The average value of wy? for all 
the stars is given by 


5 
as (kK? sin @ + L? sin*@) dé 
2 
= (-2111 V ©)? sin’*An? + 2 (-2111 V,)?x. 


Letting VO = 20 km and putting V2 = 3 V,? we get 
w? = (17-8 sin’ + -089 V,2) x? 
We have used this formula in the form 


mz = (17-8 sin? A + -089 V,2) % = (See footnote) 


As certain assumptions are made here in regard to mean values 4t will be of interest 
to compare results from this formula with those derived from 7 and v. Table 6 shows 
a comparison for fifty groups of stars. The second column gives the number of stars in 
the group and the third, fourth and fifth columns give the parallaxes computed by the 
three methods. The sixth column gives what we would consider the best parallax for 
the group. In the great majority of groups this is the mean from the three methods. 
In those that are marked with an * it is the mean parallax based on the trigonometric 
values. The last three columns contain the ratios of the parallax computed by the various 
methods to the adopted parallax for the group and at the bottom of these columns are 
the means and the mean departures from unity. These show that the formula repro- 
duces the correct parallax very closely in the mean and that for individual small groups of 
stars it gives better results than either the 7 or v formula. 


In the formula as we first derived it, we put Vs=2Vo or Vs?=4V0?. Dr. Luyten pointed out to us that in the mean Vs?= 
3V 0%, and we have introduced this correction and used the corrected formula in our comparison of results given in Section VIII. 
Owing to the fact that we have computed the parallaxes by three methods and taken the mean the effect of the change on the 
final values is very small, rarely amounting to as much as 0-10 magnitude. 
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TABLE 6 
Group No. of stars Tv, t, a a a, us Li), a ai Ls 
1 7 0074 0253 0156 0161 0-46 1-57 0-97 
2 16 0170 0214 0189 0191 0-89 1-12 0-99 
3 17 0193 0176 0216 0195 0-99 0-90 1-11 
4 7 0510 — -0029 0260 0247 2-07 =Os12 1-05 
5 10 0205 0153 0158 0172 1-19 0-89 0-92 
6 13 0101 0158 0144 0134 0-75 1-18 1-07 
7 26 0239 0260 0223 0241 0-99 1-08 0-93 
8 35 0146 0200 0207 0184 0-79 1-09 1-13 
9 43 0287 0412 0326 0342 0-84 1-20 0-95 
10 20 0247 0184 0241 0224 1-10. ie = 20-82 1-08 
11 10 0038 0046 0047 0044 0-86 1-04 1-07 
12 if 0324 0395 0365 0361 0-90 1-10 1-01 
13 36 0462 0442 0446 0450 1-03 0-98 0-99 
14 29 0532 0426 0468 0475 1-12 0-90 0-99 
15 12 0017 0042 0031 0030 0-57 1-40 1-03 
16 13 0130 0030 0184 0217 0-60 1-52 0:85 
17 15 0227 0004 0168 0133 1-71 0-03 1-26 
18 16 0514 0639 0547 0567 0-91 1-13 0-97 
19 22 0566 0893 0635 0698 0-81 1-28 0-91 
*20 13 0843 0869 0812 0713 1-18 1-22 1:14 
21 4 0036 0064 0056 0052 0-69 * 1-23 1-08 
22 9 0155 0250 0158 0188 0-82 1-33 0-84 
23 16 0244 0473 0381 0366 0-67 1-29 1-04 
24 58 0099 0098 0103 0100 0-99 0-98 1-03 
25 65 0161 0212 0170 0181 0-89 1-17 0-94 
26 6 0316 0678 0338 0433 0-73 1-57 0-78 
27 12 0753 0988 0669 0803 0-94 1-23 0-83 
*28 13 1471 1112 1449 1234 1-20 1-04 1-18 
29 3 0098 0000 0042 0047 2-08 0-00 0-89 
30 52 0094 0136 0101 0110 0-85 1-24 0-92 
31 49 0148 0161 0166 0159 0-93 1-01 1-04 
32 19 0373 0332 0331 0345 1-08 0-96 0-96 
33 6 0071 0118 0081 0090 0-79 1-31 0-90 
34 14 0062 0076 0061 0060 0-94 1-15 0-92 
35 25 0071 0063 0075 0069 1-03 0-91 1-09 
36 24 0132 0147 0135 0137 0-96 1-07 0-99 
37 12 0285 0200 0281 0252 1-13 0:79 1-12 
*38 3 1915 4130 3171 L760) | otis deed ten ee 
39 8 0092 0093 0088 0091 1-01 1-02 0-97 
40 13 0107 0139 0116 0121 0-88 1-15 0-96 
41 16 0102 0194 0116 0137 0-7 1-41 0:85 
*42 4 2412 5528 2845 SIBON A ee SR ¢ a 
43 5 0046 0031 0032 0036 1-29 0-86 0-89 
44 16 0087 0047 0060 0064 1-36 0-74 0-94 
45 23 0080 0054 0074 0069 1-16 0-78 1-07 
46 11 0091 0234 0121 0149 0-61 1-57 0-81 
47 13 0076 0067 0077 0074 1-03 0-91 1-04 
*48 12 042 0740 0476 0800 0-43 0-93 0-60 
49 24 0060 0110 0103 0090 0-67 1-22 1-15 
*50 14 1418 1171 1219 1180 1-20 0-99 1-03 
a oP Nae CR Rees nolo PSL RE oe fc ewes s ae eR eS PEA Teac. ce gat | a 16-5 18-1 7-5 
Sr ry eed ahh baie cobb Pa aa peeve be Lo Recerca i 101-2 108-5 99-5 


THE ABSOLUTE MAGNITUDES AND PARALLAXES OF 1105 STARS 33 


We think that any of the three formulae will give good results if used for groups of 
stars which do not favour either large or small proper motions. The first method of 
division we considered was the trigonometric parallaxes. These are perfectly satisfactory 
for the nearer stars. In the case of the more distant stars the large accidental errors tend 
to throw together stars of widely different absolute magnitudes and in addition it tends to 
form a group of fictitiously giant stars. This difficulty could be almost entirely overcome 
if we had two methods of dividing the stars into groups each of which was independent of 
the proper motion and also of each other, because the chances that any particular star 
would be accidentally measured with a small parallax in both systems could be neglected. 
We have assumed that the spectroscopic parallaxes are sufficient for this purpose and 
accordingly have used as absolute magnitudes the means of the Mount Wilson spectro- 
scopic and those derived from the trigonometric parallaxes as a basis for dividing the 
giant stars into groups. The mean parallax for each group was computed by each of the 
three formulae given above and the mean taken and then the mean absolute magnitude 
computed by 


M=m+5+5logz 


VIIJI—Txe DerTrerMINATION oF THE FiInAL ABSOLUTE MAGNITUDES AND A COMPARISON 
OF THE ReEsutts WitH THOSE OBTAINED AT OTHER OBSERVATORIES AND 
TuoseE DERIvED From PRopER Motions AND PARALLAXES 


When the work described in the preceding sections was completed we made a com- 
parison of our absolute magnitudes with those obtained at other observatories. The 
results of this work were published in the Journal of the Royal Astronomical Society of 
Canada for January, 1924. The comparison rested on 500 stars which we used to derive 
our reduction curves and special attention was given to the later types. The present 
discussion is based on all available stars. Our final values are given in table 7 at the 
end of the publication. In a few cases these differ from those published in the Journal 
of the R.A.S.C. This difference is very small as a rule and arises in some cases from 
extra plates having been secured and in other cases from slight changes in our reduction 
curves. We have included quite a large number of A-type stars, some as early as type 
A2, when the spectra contained sharp lines. The results for these stars should be accepted 
as very tentative until more accurate reduction curves are available and likewise the very 
latest type stars, say from M6 to M8, are liable to greater errors than the general average 
for the curves relating line intensity to absolute magnitude are necessarily most poorly 
defined at the ends of the sequence of types. 


For 920 stars of the 1105 stars given in table 7, which has been placed at the end for 
convenience, we have both proper motions and radial velocities. These were divided into 
fifty groups according to type and absolute magnitude as determined here. The number 
of stars in these groups and their mean types are shown in the first three columns of table 
8. The fourth column gives the mean absolute magnitude derived as indicated in section 
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TABLE 8 
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A comparison of the computed and observed mean absolute magnitudes for the various groups. 
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VII. The proper motion of each star was first reduced to what it would have been had 
its apparent magnitude been the mean of the group. This procedure tends to reduce 
the weight given the brighter stars which is"too great if the proper motions are used as 
observed. The fifth column gives a corrected value when the correction 


5 log 7, — 5 log 7, 


was applied. We assumed that our spectroscopic parallaxes were sufficiently accurate 
to compute this correction. An inspection of columns four and five shows that it rarely 
exceeded two or hree tenths of a magnitude. 


Kapteyn suggested that the proper motions of Boss’ Preliminary General Catalogue 
may need a correction to the declinations of the form 


Ad = + -018 cos 6 


and while the magnitude of this correction at least has been contested, it seemed to us 
worth while to investigate how much its introduction would alter our computed values. 
Accordingly we performed the necessary labour for several of the groups which contained 
stars of small proper motion. The results are shown in column six. The introduction 
of the correction tends to make the computed absolute magnitudes more giantish as a 
rule and the new values are sometimes in better agreement with our derived absolute 
magnitudes than the old. This is notably the case in group 30 but the group contains 
only three stars and should not be given much weight. Other groups such as 11 and 16 
are made considerably worse but even leaving out of consideration this correction, our 
magnitudes seem to be somewhat too faint for the very giant stars and as a further test 
we have formed one group of all the types earlier than MO. ‘For 29 stars which are called 
c-stars our mean absolute magnitude is —2-60. The Mount Wilson absolute magnitude 
for the same stars is —2-56, in substantial agreement but we compute the mean magni- 
tude should be about —3-1. Van Rhijn contends in Groningen Publication No. 34 that 
the Mount Wilson values for these stars are too faint, though he makes the correction 
larger than is indicated by these figures. The seventh and eighth columns give our own 
absolute magnitudes. In order to get a general picture of the agreement between the 
computed and observed values we have plotted them in figure 10. There does not seem 
to be much systematic difference. 
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Figure 10. 


Graph showing the relation between the computed and observed absolute magnitudes for various groups. 
The abscissae are Victoria values and the ordinates are computed. 


We made a comparison with the trigonometric parallaxes also wherever we thought 
the latter were sufficiently accurate. Columns 9, 10, 11 show this comparison. The 
number of stars with good parallaxes were so few in very many of the groups that they 
formed a very poor basis for comparison and for these groups no data are entered. For 
the groups where there is any considerable number of observed parallaxes the agreement 
is good. The last three columns give a comparison with the Mount Wilson results. 
An inspection of the English results on the absolute magnitudes of five hundred stars 
published in the Memoirs of the Royal Astronomical Society, Volume 72, shows that they 
are in very close agreement with the Mount Wilson values and so we have not made a 
detailed comparison of their results for the same groups of stars. In the mean, however, 
it would seem that the three systems are in substantial agreement. 


Group means as shown in table 8 are very good for arriving at systematic differences 
but they give no idea of the accidental departures for individual stars. These are better 
shown in figures 11, 12, 13, 14 and 15 where we have plotted the results for each star 
separately. 
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Fic. 11. Comparison of Victoria and Mount Wilson Absolute Magnitudes in Types F0-F9. Ordinates are Mount 
Wilson Values, Abscissae are Victoria Values 
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Fic. 12. Comparison of Victoria and Mount Wilson Absolute Magnitudes in Types GO-G9 
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Fic. 13. Comparison of Victoria (abscissae) and Mount Wilson (ordinates) values for Types KO, 1, 2. 
Small dots are KO, open circles are K1 and filled circles K2 
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Fic. 14. Comparison of Victoria (abscissae) and Mount Wilson (ordinates) 
Absolute Magnitudes in Types K3-K9 
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Fie. 15. Comparison of Victoria and Mount Wilson Absolute Magnitudes for M Types. Ordinates are Mount 
Wilson Values; abscissae are Victoria Values. The very discordant star is » Cephei 


The points in these diagrams would lie along lines inclined at an angle of forty-five 
degrees and passing through the points O, O if all our values were in perfect agreement 
with theirs. Departures of the plotted points from these lines show the discordances for 
individual stars. The agreement in the dwarfs is better than that in the giants as a rule. 
Those stars which are brighter than absolute magnitude minus two are listed almost 
without exception by the Mount Wilson Observatory as c-stars. While the agreement 
between our values and theirs is not quite so good here as in the dwarfs, the fact that 
they join on with our other values seems to justify the contention that they form a part 
of the regular stellar sequence. In the stars of type G5-K2 from absolute magnitude 
about 0 to +2 our values seem to be nearly one magnitude fainter and a re-examination 
of the groups in table 8, numbers 24, 25, 32 and 33, which contain large numbers of stars 
indicates that our values are a little too positive though by no means one magnitude. 


Additional evidence on this point is available from those stars that belong to the 
Taurus cluster. Thirteen stars in table 7 are members of the cluster and the Victoria 
mean parallax for these is 0’’-0238 as compared with the corresponding value of 0-0255 
from the proper motion. There are 8 stars from A4 to F4 inclusive the mean value of 
whose parallax is 0’’-018 and 5 stars from G2 to K1 inclusive whose mean value is 0-033. 
For the latter group a correction of three or four tenths of a magnitude would bring 
their mean parallax into line and such correction might be justified. We have, however, 
allowed the values given in table 7 to stand until such time as a more detailed investiga- 
tion of systematic errors in the results, one embracing the residuals from each line, can be 
made. 

The greatest divergence in the results from the two observatories is shown in the 
giant stars of types K3 to K9. We obtain a dispersion of four or five absolute magnitudes 
for this class while they gét a very much smaller range. This point was investigated 
quite fully in our former publication. The K-type stars were divided into eight groups 
and the M-type stars into four groups and the absolute magnitude computed by proper 
motion methods. The basis of division in these groups was our own absolute magni- 
tudes, i.e., lines parallel to the ordinates in figure 14. This seems to be the logical method 


a 
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for testing the reality of the dispersion. Table 9 gives the results of the computation and 
the range in the absolute magnitudes which we obtain seem to be real. 


TABLE 9 
M M M M 
No. Stars Type from u Young Harper Mt. Wilson 
ie Ge A roe Es One ties Re enced acreage aura K2 —2-68 —3-87 —3-33 —2-28 
tie renter frarkniais 8 eee onc ee tater e Aetna te Cor Kl —1-32 —1-02 —0-72 —0-06 
UT oi Rea Renee a eon Meer trae omen Ki —0-06 +0-08 —0-04 +0:-73 
A Gio serene Sena cheks cu Mernam SIRLGRTCUce nner CEI cet ete Kl +1-41 +1-64 +1-52 +1-01 
Ct aS ae Re ie Eat Ren ant BORE CR RNC ALD CAC K1 +1-02 +0-99 +0-88 +1-27 
LSE. 6 cao Sm satel ea eh Neen cede CDE? wae Kl +3-39 +3 -08 +2-81 +2-68 
Sor Ree iy anc a eS a K4 —2-54 —1-74 —1-20 0-0 
Oy aRas rar es alte: Riera ea tee oe Meee a K4 —1-60 —0-51 —0-02 0-5 
DES SATs ORT Com Cece aeons teh ence ne K4 +0-58 +1-55 +1-39 0-5 
Obes Sotesnet ae Aon erree Stee ene eteery or eer ae K7 +0-22 +0-40 +0-40 0-5 
2s ec pecan ss ce paar ne hae exer ine 8, Se M2 —3-10 —3-25 —2-90 —1-5 
Oe a tae 8 Part A Ay bares ae ee hen M2 —0-75 0-55 —1-20 0-2 
Ue go tron oo Oe CUE SE ae me oe Roe M2 —0-30 —1-42 —0-64 0-2 
Ta recreate ehh a's nce ps Saison cat taage rege esate M1 +0-21 +0-25 —0-24 0:3 


All the stars of types K6 to K9 have been included in one group. In our completed 
list of stars we have a considerable number of additional stars of this class not given in 
the Mount Wilson list and in table 8 we divided them into 4 groups. In the case of the 
siants the dispersion in absolute magnitude as shown by the proper motions does not seem 
to be nearly as large as we get it. Our spectra for very many of these stars are weak and 
our accidental error is proportionately quite large. It seems to us that the range in 
absolute magnitudes must exist here, however, as it is definitely shown in the stars of 
types K3 to K5 and also in the M-types and our reduction curves are continuous over the 
gap. 

ACCIDENTAL ERRORS 


The determination of the s*ze of the accidental -rror which affects the results for 
absolute magnitude is a difficult problem to solve. The reason is that there are very few 
s ars for which we have trustworthy individual absolute magnitudes other than spectro- 
scopic ones. The trigonometric parallaxes will serve for many of the dwarf stars but are . 
quite unreliable for the giants. In our former publication we stated that we hoped the 
accidental error would be as low as 0-2 magnitude. We based our expectations on the 
accordances of the values obtained for the various lines and the number of lines used. 
As an indication of the error to be expected when the results are looked at in this way, 
we have taken every twentieth star in table 7 and computed the probable errors as shown 
below. 

F- type 19 stars average p.e. 0-17 mag. 
Ge #2 4 in a O-TG" & 
K (73 13 “cc (79 0 2 14 (<3 
M (9 3 ss ¢ (0) F 12, (74 
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Unfortunately, as so often happens, this method does not give a very good indication 
of the true errors and further investigation seems to show that the errors are larger than 
we hoped. 


We have taken all the stars for which the Victoria parallax was greater than or equal 
to 0-050. These were divided into three divisions with respect to type, namely A to 
G4 inclusive, G5 to K2 inclusive and K3 to M8. Each of these divisions was subdivided 
into three groups, according to absolute magnitude, the limits being 0 to 2, 2 to 4, and 
greater than 4. As so few stars occurred in the giant divisions they were amalgamated 
with the second. The absolute magnitude was computed from the trigonometric parallax 
and the algebraic and the arithmetic means taken. The means for the absolute magni- 
tudes determined at Mount Wi'son were also taken. Table 10 gives the results of this 


computation. 
TABLE 10 
(Vict.-Trig.) M (Mt. W.-Trig.) M 
No. Stars Limits of Type Limits of Abs. Mag. 
Algebraic | Arithmetic | Algebraic | Arithmetic 

35 up to GAjinclin.. acer WOOL Omri Cl els eee +0-33 0-60 +0-10 0-50 

42 age” ee Se AS nn 4-1 and fainter....... —0-16 0-49 —0-28 0-52 

9 G5-K2 Pain tore Omim clams ss +0-90 0-91 +0-74 0-80 

32 ee 4-1 and fainter....... —0-04 0-44 +0-01 0-41 

2 HODES eter: aes ee wrartita 4620) tae ceoe +0-50 0-50 —0-25 1-45 

8 ves) Beal ee ks. WAS eck 4-1 and fainter....... —0-16 0-24 —0-04 0-26 


The average arithmetic residual for the stars shown in the table is 0-52 for Victoria 
and 0-50 for Mount Wilson. These residuals include the errors in the trigonometric 
parallaxes as well as the systematic errors in the two systems. The probable error cor- 
responding to an average error of 0-50 is 0-42. This is in very close agreement with the 
estimate formed by the Mount Wilson observers in their publication of 1646 stars, where 
they placed the probable error at 0:40 magnitude. It is interesting to note that the 9 
stars of types G5-K2 brighter than the fourth absolute magnitude confirm what has 
already been said as to the existence of a systematic error in the results for these stars. 


The material of table 10 is based almost entirely on the dwarf stars. For the giant 
stars we were unable to get a good basis of comparison but we can get some idea of the 
accidental errors by a comparison with the Mount Wilson values. We have formed the 
difference Victoria minus Mount Wilson for the 553 stars common to the two lists and 
divided them into nine groups following much the same plan as in table 9 except that 


three more groups were added for the brightest stars. 
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The result of this comparison is shown in table 11. 


TABLE 11 
(Vict.-Mt. W.) M 
No. Stars Limits of Type Limits of Abs. Mag. oo 
Arithmetic | Algebraic 

127 PNG CRG WHEN ha ier conto aid ciate OES Ac Bainiterthaness OM aeset.tecne a 0-45 0-18 
69 SE re ate aoe 2) Osto.Or Olina ence tere 0-73 0-26 
26 ee se are Brighter than Or saa cede onerte ss 0-95 0-01 
49 Goorin clive eye ete eens ainiterebharigat Ober aera meter 0-46 —0-01 
146 iat emer cn deg Ete arte 229) Cols iCl Sart severities ern 0-73 —0-30 
22 ie cali | SM ab eranih tie Panes Bianrasr enn UH One aged cd deo css 6s 0-90 —0-60 
9 IGS abOmNVE Sain Cl mae cereie.. aeenctaeire Hainter than a= Oe sare selene: 0-31 —0-01 
33 oA) Deel oe WS Ae Me ce aN erty Mt Vey eave Oona |. ossesosoctouao ou oe 0-54 +0-17 
a ee A eee Se Brightertnan: OO yarcene seer 1-01 —0-97 


The table shows that the accidental departures are greater in the giants than in the 
dwarfs for all spectral types and this was shown also as pointed out before in connection 
with the graphs shown in figures 10 to 14. The points in the diagrams in the lower left 
hand corners which are the giant stars, are more scattered than those’in the upper right 
which represent the dwarfs. There are some systematic differences in the later type 
giants, our values being the more negative. 

We have shown from the trigonometric parallaxes that the probable error which 
affects the Victoria absolute magnitudes is about the same as that affecting the Mount 
Wilson results for the same stars. In the diagrams ten to fourteen, this is equivalent to 
saying that to bring any star which does not lie on the central line into accordance the 
chances are that it should be moved horizontally and vertically about the same amount. 
This applies to the dwarfs. Suppose we divided all the giant stars into two classes; 
those for which the Victoria absolute magnitudes are more positive than the Mount 
Wilson and those for which the Victoria values are more negative. Proper motions ought 
to be able to distinguish which are the more reliable without being able to indicate the 
exact probable error of either. The division is equivalent to taking those stars which lie 
above the central line in one group and those below in another group. In order to make 
the difference between the groups as large as possible we have confined oursevles to all 
those stars which show a difference Victoria minus Mount Wilson of 1-0 magnitude or 
over. Practically all these stars are giants for the accordance of the two systems in the 
dwarfs makes a very small number of stars differ by an amount as large as this. 

The stars were next divided according to types into three divisions. 

1, up to and including G4. 

2, G5 to K2 inclusive. 

3,1tom. Koon. 
Some of these divisions were further subdivided according to absolute magnitude forming 
ten groups in all as shown in table 12. The absolute magnitudes for these groups were 
computed in two ways, given under the headings M1 and M2. In the first of these com- 
putations we set a few stars aside which had very large proper motions and which had 
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trigonometric parallaxes. This seemed necessary because a few large proper motions 
in a group of stars has a preponderating effect on the result. Absolute magnitudes for 
the remaining stars were evaluated from the proper motion and combined with that 
from the trigonometric values for the other stars to give the values in the column headed 
M1. In the second method we sorted out all those stars with measured parallaxes which 
were trustworthy whether they had large proper motions or not. The two columns are 
in fair agreement. For some of the groups there were no good parallaxes and the two 
computations were unnecessary. For the later type giants at least the comparison is 
favourable to the Victoria absolute magnitudes. 


TABLE 12 


Absolute Magnitudes 
Type Residual |Limits of Absolute Magnitude! No. Stars 


M1 M2 Victoria |Mt. Wilson 
A8-G2..... — di Ovand faintert... 0s. se. ei 2-67 2-84 3°71 2-33 
F3-G4..... + OQ and brighterss.... 1 554e. 13 —1-32 —0-37 0-23 —1-38 
F4-G4..... — OR Obame tenriben wees ees ae 7 2-63 2-63 2-39 3-53 
F4-G4..... _ —0Q-1 and brighter........... 4 Or 00 | het oer eee —2-90 —1-28 
G5-K2 -- a Ol ancitiamters peck. on 008 oe 18 1-19 1-05 1-70 0-86 
G5-K2 — O- Oran debris hteraan ese a 20 0-10 0-46 0-38 —0-60 
G5-K2.. _— C2 lle sg actiing Uaoran eae Genres eaeingee 21 MSD Beier ecasseqoreme es 0-69 2-44 
K3-K5.. + tee ee ee Oe oe 9 0-84 1-21 1-33 0-05 
K3-M8. — = () Sy ata stalmbeln aaa sso a0 16 = (Olan ean —0-74 0-68 
K3-M8 — —Q)4 and brighter... .......: +. 15 iil! GO| eeopenes se —2-00 0-00 


Fuzzy-Linge STARS 


In the course of measuring the stellar spectra for absolute magnitude we usually 
rejected all those stars which had very poorly defined lines but the degree of sharpness 
that was necessary before a certain star was included was rather elastic. One would 
expect that the stars with poorly defined lines would give large accidental errors. The 
number of stars is far too few to discuss this point but we thought it best to make a list of 
the stars and ascertain whether they were systematically correct or not. 


For seventeen stars in which the lines are distinctly more fuzzy than the average the 
computed absolute magnitudes came out +2-04 whereas we obtained + 1-24, both observ- 
ers being about the same. It would seem, therefore, that the observed values are not 
excessively in error, though a positive correction is indicated. It is interesting to note 
that the correction is about of the size it would have if the diffuse character of the lines 
were caused by the presence of a blended spectrum formed from two stars of the same 
brightness. 
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IX—Svuaazstions ror Future Work on ABSOLUTE MAGNITUDE 


It will be of interest to consider ways by which the methods used in determining 
absolute magnitudes may be improved. The various factors which enter into the problem 


are. 
1. The quality of the spectra. 
2. The number and character of the lines which show the desired effect. 
3. The methods of measuring the intensities of the absorption lines. 
4. The methods of obtaining the empirical reduction curves. 


These various factors will be treated in turn. 


1. The quality of the spectra. 


The dispersion of the spectrograph is an important consideration. We have been 
using a single-prism instrument giving a dispersion of about 30 A at Hy, and our experience 
would endorse this instrument for further work. If the time factor did not enter one would 
like to use as high dispersion as possible and a limited program of observation with a 
three-prism instrument would be well worth while. We do not think that plates taken 
with high dispersion could be reduced by the same reduction curves as those used for low 
dispersion, however, and consequently the field of the three-prism plates would be limited 
to investigations into the behaviour of the various lines while the problem of determining 
absolute magnitudes for the fainter stars must be solved with low dispersion. 


It is obviously important that the spectra should be obtained of uniformly good 
quality. When plates are out of focus or if the slit is wider than usual or if the tempera- 
ture changes during the exposure, the lines are not so sharp and crisp. This would not 
be of much importance in the intensity ratio of a pair of lines if both lines lost equally but a 
weak line loses much more than a strong one. We have taken considerable trouble to 
obtain good looking spectra of nearly all the standard stars but many of those that were 
taken on the Boss program for radial velocity were not of the best and no doubt more 
plates would improve the results for them. 


Another factor is the method used for developing the plates. If these are over or 
underdeveloped the contrast of the lines seems to change. For some time past we have 
been using the factorial method of developing but for the program as a whole several 
developers and methods have been used so that the plates can not be considered uniform. 
We think it important too that the emulsion remain about the same. When plates showed 
by their appearance that they were either under or overdeveloped, under or overexposed, 
they could be discarded but even leaving these out, the remainder are probably not as 
uniform as‘desirable. Investigations’ made by Dr. D. L. Edwards lead him to conclude 
that errors from this source were not important for normally exposed and developed plates. 
Our experience is in accord with this conclusion at least for the stronger lines but for the 
fainter lines it becomes more important and if the method is to gain in accuracy we think 
it important to standardize the development pretty carefully. 
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2. The lines used for the determination of absolute magnitude. 


The first list’ of absolute magnitudes devived spectroscopically rested on the measures 
of three lines. The number of lines was extended to five in the next publication’? which 
contained 500 parallaxes. 


Several other lines were shown to give an effect but none were considered good enough 
to include. Dr. W. B. Rimmer in a publication’ giving the parallaxes for 500 stars added 
the important line \ 4444 and Adams and Joy in a further list published in the Publications 
of the Astronomical Society of the Pacific, December 1923, adds several more lines. These 
with the new ones given in this publication bring the number to more than two dozen 
and there is no doubt the list could be extended. 


If a carefully prepared program of stars were re-observed and all these lines measured, 
there would be a considerable gain. At the same time the method of assigning the types 
of the stars would have to be standardized. 


3. The methods of measuring the intensities of the lines. 


The methods that have been used in the present work are fully described in section 
IV. These are fairly satisfactory and after using the method for about three years the 
advantages and objections to it have become fairly clear. It is a great step forward over 
simple eye estimates but it still lacks the mechanical features whereby several settings 
may be made and the mean taken. It is inferior to the method used by Mr. Rimmer in 
this respect but the extinction method used by him was well known objections. There 
is another difficulty connected with the method we have been using. When the step 
ratio is large for any pair of lines the intervening steps on the standard scale are con- 
fusing. We have in mind a device whereby these may be eliminated and at the same 
time the readings made mechanical. In the near future this will be tried out and it is 
hoped that the present scale can be reproduced with the added advantages of being able 
to make repeated settings. It is necessary that the measures of the lines be made with 
considerable dispatch, because there are so many to be made that unless each one takes a 
comparatively short time, headway will be made too slowly. This consideration probably 
prohibits too great refinements such as obtainable with a microphotometer. 


4, Methods of obtaining empirical reduction curves. 


The correct procedure to obtain reduction curves to convert from line intensity to 
absolute magnitude is very controversial and one in which various workers will disagree. 
For the nearby stars the trigonometric parallaxes are still the best standard we think. 
Departures of the spectroscopic values from these when well established should not be 
taken to mean that either are in error but rather that there is some disturbing factor 
such as mass. At present there are four estimates of spectroscopic absolute magnitude 
for a considerable number of stars and when these consistently give a parallax differing 
from the trigonometric and the latter is well established, the difference is probably real. 
Discordances between the spectroscopic values from one observatory and the trigono- 
metric ones should not be given much weight unless it is very marked. 
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For the giant stars with small parallax, we think the best procedure will be to com- 
pute an absolute magnitude from the various spectroscopic values already published, 
due consideration being given to systematic corrections when these are evaluated. A 
set of absolute magnitudes of this kind will enable us to construct reduction curves for 
new lines giving results systematically the same as the mean of the systems already in use 
and these will further reduce the accidental values for the individual stars. The serious 
stumbling block to the final elimination of systematic errors from the most giant stars is 
going to be the errors in the proper motions and time alone can remove this. Take for 
instance stars of absolute magnitude —4. If their apparent magnitude is as faint as 
6-0, and the number brighter than this is very limited, the parallax is only -001, which 
means that the expected proper motion is less than -010. Proper motions this small 
have a large proportional error, in fact Kapteyn has suggested a systematic correction 
which would reverse the sign of many of the proper motions in declination. 
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DESCRIPTION OF CATALOGUE 


In Table 7 which follows the various columns give the following data for each star. 


Column 1 
2 


27 


28 


and 13 The serial number in this table. 


The number in Boss’ Preliminary General Catalogue or in the Harvard 
Revised Photometry, Vol. 50. 


The name of the star or in case there was no Bayer name and the star was not 
in either Boss or Harvard 50, then this column contains the number in 
some well known authority such as Lalande or Cincinnati Publication 
No. 18. ; 


and 5. Right Ascension and Declination for 1900. 


The visual magnitude from the revised Draper catalogue. In the case of 
double stars or spectroscopic binaries this has been corrected to reduce 
the magnitude to the estimated apparent brightness of the brighter 
component. These stars are distinguished by the symbolf. 


The estimated Victoria spectrum. 


The total proper motion either from Cincinnati Publication No. 18 or Boss’ 
Preliminary Catalogue. When taken from the latter the corrections 
given on page XXVIII have been added. 


The radial velocity when corrected for the solar motion which was assumed 
to be 20 km. in a direction a = 270°, 6 = +30°. 


—24. The absolute magnitudes derived for the star from the various ines. 


The upper lines are Young’s values and the lower Harper’s. 
The algebraic means of the values in columns 10-24. 


The absolute magnitude as published by the Mount Wilson Observatory in 
Contributions No. 199. 
The Victoria estimated parallax as based on the mean absolute magnitude in 


column 24 and the visual magnitude in column 6. 


The trigonometric parallax as used. By far the greater number of these are 
taken from Mount Wilson Contributions No. 199. Occasionally the 
values there given have been revised to include a later determination. 


In some cases we consider the derived absolute magnitude uncertain either from the 
plates being underexposed or from other causes and these are usually distinguished by 
being followed by a colon. In many cases the spectra are peculiar and cases that seemed 
worthy of comment have been starred in the first column and notes will be found at the 
end of the table. In cases where the lines are poor or fuzzy, the star is distinguished by 
the letter 7 following the type. 
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TABLE 7— 


4215 | 4271 


50 THE DOMINION ASTROPHYSICAL OBSERVATORY, VICTORIA, B.C. 

No.| Star Name « (1900) | 8 (1900) Mas Type! p 

ose ae bo ee 
25 | Boss 132 6 Androm. 00 34-0 30 OFS K3 +166 
26 | Boss 133 54 Piscium 00 34-2 20 43; 6-1) KI -595 
27 | Boss 134 55 Pisclum 00 34-6 20 54 5-6 | KO -049 
28 | Boss 135 a Cassiop. 00 34-8 ey SOL Web I) (ein -062 
DOF BOsselLaO’ ile Sesnehe cosas oe es 00 36:3 24 05 6-0 | A+F] -111 
30 | Boss 161 57 Piscium 00 41-3 14 55 5:6 M6 -064 
31 | Boss 164 ¢ Androm. 00 42-0 23 43) | AS G6 -128 
32 | Boss 167 61 Piscium 00 42-6 20 23 6-6 ¥F8 -164 
33 | Boss 168 n Cassiop. (br)| 00 43-0 ae the 3-7 | F8 | 1-245 
SARIS lariat rotoct hers n Cassiop. (ft)| 00 43-0 57 17) 7-4) K6:) 1-245 
SOM EB OsSeligil= Mul keeeme wee aere ars 00 43-1 04 46 5:8 K4 | 1-370 
36 | Boss 173 6 Piscium 00 43-5 07 02) 4:6] K5 -097 
Seq] (ORs WA ee oogamacsoawe 00 44.7 63 42} 6-0f/A+F 032 
SSuIESOSseLS Simmel saeeimerienie er 00 46-2 02 50] 6:5} G5 -089 
39 | Boss 191 20 Ceti 00 47-9; —O1 41 |] 4-9}| K7 -018 
ANG) |e lelayy PATS WE oc cms oman 8 00 48-0 86 53] 6-1] K8 
ATM Boss 192.5 Wier Rates acdese is: 38 00 48-1 52 09] 6-2] A4 -090 
AD aL e200 ey ll Grtetaeben ibis couse 00 49-9 24 Ol 6-4 M7 
43 | Boss 200 28 Cassiop. 00 50-7 58 38] 4:8 G5 -099 
44 | Boss 206 n Androm. 00 51-9 22 52| 5-0f| G7 -060 
ADE Rata ia a \eitdatta cence 00 52-0 45 18 6-2 K2 
46 | Boss 226 e Piscium 00 57-8 O7 21] 4:41 G6 082 
47 | Boss 234 72 Piscium 00 59-8 14 24 5:6 4 -042 
48 | Boss 238 77 Piscium 01 00-7 04 22] 6-8] F8 -117 
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52 THE DOMINION ASTROPHYSICAL OBSERVATORY, VICTORIA, B.C. 
No.| Star ame « (1900) | 8 (1900) ae me 
——_ aoe : ae 
Hie) || 1BOSEIYEM) —eoxconoo pkoodme O01 00-7 79 29'| 6-4 G8 
50 | Boss 241 76 Piscium 01 00-7 31 39} 6-6| K4 
51 | Boss 244 uw Cassiop. 01 01-6 54 26) 5-3 G5 
52 | Boss 248 78 Piscium 01 02-4 329) 116-3) |) Fan 
ei ||So ae oma coo Lal. 1985 O1 04-0 67 15 6:6 F9 
54 | Boss 259 6 Androm. Ol 04:1 385 05} 2-4] MO 
55 | Boss 262 44 Androm. O01 04-6 AN 33) |) 15-17 |) (GO 
Gh || Tel GHEL enone otpon cont 01 05-0 15 09 | 6-4} K6 
57 | Boss 264 6 Cassiop. 01 05-0 54 37 | 4-5 | Ad 
58 | Boss 270 x Piscium Ol 06-1 20 30] 4-9] G6 
59 | Boss 271 7 Piscium Ol 06-2 29 34} 4-7] K2 
60 | Boss 281 ¢@ Piscium 01 08-3 24 03 4-6 Kl 
Gul) lexereeteR i llherc ainome on oro O1 08:5 07 03 6:5 F7 
6:25)| MEL SiO Ny | Geetesterseee aera Oil aleyeal 386 52] 6-3] AY 
63 | Boss 304 ¢ Androm. O1 16-4 45 00] 5:0; Kl 
64*| Boss 307 47 Androm. Ol 17-9 Silmeba 6-37} A38 
65 | Boss 313 6 Ceti 01 19-0 | —08 42| 3-8} KO 
Gy, IR OM li cvevenat. etoraseense Ol 20-1 23 00) 6-1 F4 
OME IVALLOD Sl eames crease. OL 20-4 34 04 6:3 F5 
68 | Boss 318 p Piscium 01 20-9 18 39 5-3 AQ 
69 | Boss 321 w Androm. Ol 21-7 44 53] 5-0] F8 
70 | Boss 325 a Ursae Min. | 01 22-6 SSE 460 92> Ue aky, 
71 | Boss 327 38 Cassiop. Ol 23-8 69 45 6-0 | F6 
72 | Boss 330 49 Androm. Ol 24-1 46 30] 5-3] G9 


TABLE 7— 

4071 | 4215 | 4271 

B 05) a a a es 

77| 50} 90 

052" | 31896) 340151006) eee 

2-00) 61-5 eran 

{023% PoE 288 |: tee teeter eee 

1edi:| el ee eee 

S762) b= 90-9) To 6 Olea 

5-5 | 6-6 |...-. 

5900 211-345 9-81) tem es 

2-3| 3-0| 1-3 

22361 = 4-5] 4:2 2-oleoe 

4-0| 3-1] 4-8 

(2188 WF 159) 0028.12 eal eee 

0:0" 10.6 eae 

143° | —10-15) 2:6 | 2-1) 426 

2-3 |\ S| 3-8 

-232 | +19-3| 0-9] 0-6] 4:3 

: 1-2) 1-218 s-6 

022 | 444-8 |=0-2 |40-5.)5 come 

0-5 |G ee 

:084) |) -F80.2:|. 4-81 gee eee 

2:4°| 0-0 |e ee 

050° |= a1 2554) 0-7 

Goel see 

147 | 421-2] 3-2] 5-0] 4-0 

4-3] 4.6| 2-8 

Pi dele Cec —0-9] 0-8] 1-4 

—1-4] 0-1} 0-2 

043° (= 16.9 2-0) Ad ee 

1:60 Ne eee 

078" | 415-8 | 0-0] 2-4 | 2:7 

0-2) 2-7 | 2.9 

228° |) 440-3 | -9.00 0-005. ae 

1:90:70 Osea 

Pea See 1-4:| 8<2)) oho 

2-6| 3-4] 2-0 

Oh SS eile, Os 4-8| 2-5 | 5-6 

4-3| 3-0| 4-6 

0388 | —11-8] 3-9] 0-6] 1-4 

8-2 | 2.85) 62.9 

360 | +14-1] 2-8] 2-7] 404 

4:0] 2-0] 4-0 

042 | — 4-8 1=8-0 1a —338 

—2-9 |—1-8 |-3-5 

159 | +9-4] 2-7] 4.1] 3.8 

4-1) 3-01 4.0 

0476 [828 | 20-01] O27 1c ae 
2-5 | 2-4 
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54 THE DOMINION ASTROPHYSICAL OBSERVATORY, VICTORIA, B.C. 
TABLE 7— 
Vis 4071 | 4215 |) 4271 
No Star Name a (1900) | 5 (1900) |agag | Type} # Vo “| Sie mee 

b m ° 

73 | Boss 332 p Pisicum Ol 24-9 05 38] 5-1 K6 -297 +30-2 Bara Hl aioe lee ere 
74 | Boss 335 n Piscium OLR 26.1 14750 3-7 G5 -034 +11-8 ro ee ee nehgeeS 
75 | Boss 338 x Cassiop. Ol 27-4 58 44] 4-9] G6 -038 +11-3 LS va ie ts 
7G | Bose S46, | | 4mcbe eens 01 30-3") | 48. 191) Bsot| KSa| =201h a coe aan 16a 
0-0 Li OF:|eneeees 
77 | Boss 350 v Androm. 01 30-9 40 54] 4-2] FS8 -420 —25-7 3-9 3-9 4-5 
4-3 3:2] 4-8 
78 | Boss 357 uv Persei 01 31-9 ANY (Of || B32 | 1S -130 +19-1 Of63]: ee ee 
AS a\\—= Otel aeeee 
79 | Boss 367 105 Piscium QO1 34-3 iD of 6-1 Ke -076 +13-2 TGs || eee eles eee 
O-23)|| USe8. |e oe 
SOM OSSeOO Simm |ia-epee ieee eee Ol 34-7 AQ 47 6-3t| FL +142 — 0:3 1-0 2-8 0-5 
1-6 3-0 1-9 
SLB OSSe Ou Me Ulcer iacie tr ih Sho 7 AD 07s) oot G2 -822 + 6-6] 5-4) 4-7 5-0 
5-5 4-4 5-3 
SO BOSSLO LO Um Lk emer ie taser OL 35-7 25 14| 7-07) F4 +138 + 2-6] 4-2] 2-7 5-0 
4-4 3-0 4-7 
83 | Boss 378 y Piscium O1 386-2 04 59 4-7 K5 -018 — 5:3 Peds |. a ee ee 
DoS | Rape eee eee rere 
84 | Boss 382 107 Piscium Oil Sifork 19°47, \= 5-31) Ki -735 —37-6 7-8 6250 Seer 
624. “GE Gel ences 
SU MER OES Alea bo ace ene 01 38-3 25 390) ROsbay SO | en Mens | Ope eee | We f 
86 | Boss 391 t Ceti O01 39-4 | —16 28] 3-6] G7 912 —25-9 5-9 ie Do oe 
5-9 co ong Reta Ss 
87 | Boss 393 o Piscium O1 40-1 08 39 4-5 G6 -086 + 8:3 1-0 Now fal Sc, 
1-6 Os She Seas 
SSa MB OSS yO O47, Wt hektea cea corer 01 40-4 Ga. 22 iNOW KO 635 + 7:6 6-6 Gre2ilisueer 
7-0 Os8 |b eee 
COs OSSt AU: melee ebay teen a Ol 42-7 Sie PHA 6-0 G8 -116 +36-1 2A gh Ih Meeciets cs 
Lew 5 O. tee Nee 
OO a Boss 400 msn sane ee Ol 44-6 yl 2A 5-9 ¥3 -123 —15:3 4.9 2-0 5-0 
4.4 2-4 3°8 
91 | Boss 420 55 Androm. 01 47-3 40 14 5-6 K2 ‘O11 — 5-7 |-0-9 Gre Qo eae 
Ost, |= Oras peeanes 
92 | Boss 421 a Triang. Ol 47-4 29 06) 38-6) F2 +235 —14-6 2-0 1-2 2-0 
1-1 0-8 0-6 
93 | Boss 426 & Piscium Ol 48-4 02 42 4-8 G7 -034 +23-6 255 A AN a on, 
2-4 fie at ete fe 
94 | Boss 428 B Arietis Ol 49-1 20 19 2-7 A8 +144 — 4-5 0-7 2:8 Del 
0-8 3-9 2°9 
Oe BOSS-A50% © iissts teen eae ene Ol 50-7 Ol y2u 6-2 GO +241 +18-1 3-4 4-7 6-0 
2-6 4.2 4-2 
96 | Boss 439 3 Persei OL 5232 48 43 5-8 Ko -040 + 2-1 3-1 1G: Sim eran 
2-0 Die Gialamas 
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TABLE 7— 
Vis 4071 | 4215 | 4271 
No. Star Name 1900 6 (1900 * | Type ue Vo == | = | 
0 a a ( ) ( ) Mag. ae 56 90 
h m ° 
97 | Boss 441 d Arietis 01 52-4 Day (Oh! hobs |) ass -093 — 2-6 1-5 17a |e 
0-9 2-4 0:3 
98 | Boss 446 A Cassiop. 01 53-8 70 25 4-6 A3 -062 + 3-7 2-9 3-9 4-3 
3-2 4-4 3-4 
99 | Boss 468 y Androm. 01 57-8 41 51) 2-38) KO -073 —10-5 ei Pe Rec ee 
100 | Boss 475 54 Cassiop. 02 00-4 AL Wi |) Bory |] (Eul +389 + 4-5] 3-8] 5-4] 7-0 
3:8 | 5-1 5-5 
101 | Boss 477 a Arietis 02 01-5 22; 59 22 K2 +242 —18-5 0-9 Por pia cs oe 
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TABLE 7— 
Vis 4071 | 4215 | 4271 
No. St Name 1900 5 (1900 : | Type pb Vo —— | — | — 
i a Se ee aera a 77| 50] 90 
nee: ie on °F } 
PAGS || ABOREURS Nee ooo cook 06 12-1 Dip VAL 6-7 K1 SUOAE WP eer Il ona olla me be kc 
266 | Boss 1584 10 Gemin. 06 12-8 23 «38 6-6 | G4 -015 | +29-1 ae es ae ae + 
267 | Boss 1585 3 Lyncis 06 12-9 61 48 2 F1 -103 | + 8-8 5-5 4.2 4-1 
5-2 5-6 | 3-3 
DOS Ae Wes artis erage as 45 Aurigae 06 138-7 Don BU 5-4 F5 99) Viethenohicgese 1:3 1-1 1-9 
2-0 1-3 1-5 
269 | Boss 1604 uw Gemin. 06 16-9 D234 3-2 M3 -130 “4.43.2 = od ere SNe ee 
270 | Boss 1606 46 Aurigae 06 17-2 49 20 5-1 K2 014%) +- 623 4\—3 Was eee a eee 
— Zed soe SOA eee. 
271 | Boss 1607 Groom. 1149 06 18-0 56 20 5-5 A3 -021 | —14-9 0-0 0-9 1-6 
0-0 4-1 2-2 
272 | Boss 1626 77 Orionis 06 22-1 0O 21 5-3 KO -012 | +16-3 0-9 lO: U4 eae 
Bien, 1 SA Ghee 
273 | Boss 1627 6 Lyncis 06 22-1 58 14 6-0 G8 -331 | 4-35-2 2-3 PAN ae Bes 6 
a 2°8 Ae A hpaaet ans 
Die A OSSELOLO® [otek ieee erm stee 06 22-1 U2 oe 5:8 G8 -043 | +36-4 LEG LS te eee 
0-6 DA Wr. Sos 
275 | Boss 1629 R.T. Aurigae | 06 22-1 30 34 5:3 Fs 023 | +11-6 |—2-9 |...... —4-0 
—2-6 |—2-9 |—3-1 
PAG) || ABO ANGS We A an eA 06 24-9 78 04] 5-9| K5 O1SG lS We7 [SWS eel 
O26 tH) O-3 teehee 
DGS OSSELOD OR Glee a wen erase 06 26-5 ibe sil G2) BY -043 | —16-3 125 14a S36 
2-9 21 2-3 
278 | Boss 1665 8 Lyncis 06 28-6 61 34 6-0 G7 +342 | —46-2 3-3 ZSAY|\.. eee 
1:6 SED lies Satee 
279 | Boss 1679 23 Gemin. 06 30-2 16 53 6-7 F5 -048 | +17-1 3-9 4-9 4-5 
4-5 3-4 4-4 
280 | Boss 1694 50 Aurigae 06 32-2 AQ ao) fayodh Ki -061 | +11-1 |-1-5 OST Cle epee 
0-8 PAPI | We acct 
281 | Boss 1717 e Gemin. 06 37-8 Dele 38:2 G9 -020 | — 1-7 |—3-5 |—2-0 ]...... 
—4-8 |—0-8 |...... 
ZOna DOSS LTO) la sakiet eee ae 06 38-3 Dae 5-5 G6 051 | +18-1 2-5 Son EH Bey 
3-0 Dil Ocean 
283 | Boss 1722 28 Gemin. 06 38-4 29 04 5-5 K5 *029'3)) e350, eee le eel ee 
284 | Boss 1724 56 Aurigae 06 39-5 43 41 5:3 GO +158 | —29-7 Sire) 4-0 3-8 
4.9 4-4 4.7 
285 | Boss 1725 £ Gemin. 06 39-7 13 00 3°4 5 230 | +12-6 |—0-4 1-7 |—1-3 
0-4 0-5 |—0-5 
286 | Boss 1728 57 Aurigae 06 40-0 48 53 5:3 KO -009 | —13-6 Q-4 i oa Pe 
1:3 dice: PAPE Bote 
907 | Boss 1759 |.. ci 0.8. snes. 06 44-2) 59 34] 5-97A+F | .047 | 113-71 1-5 |-125 | 3-0 
21 0-2 4-0 
288 | Boss 1764 60 Aurigae 06 46-3 88 34 6-3 F7 +184 | +24-4 4-2 Pac 4-3 
4.4 3°4 222. 
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TABLE 7— 
Vis 4071 | 4215 | 4271 
J Sta 1900 5 (1900 ‘'| Type Vo ae a 
No. Star Name a (1900) ( ) Mag. yp a oe a rm 
bh m ° t 
289 | Boss 1776 Bu. 3678 06 48-6 58 33 | 4-9 G5 -134 | + 9-9 ae ; Shes fate 
ZOOS Boss: 1794 Pas; eet oeters 06 52-3 38 12 6-2 | K2 -1382 | +16-2 |—1-5 |—0-3 }...... 
—0-8 |—0-2 ]...... 
291 | Boss 1803 41 Gemin. 06 54-5 16,18 5-9 K2 SOLGHMEE SsOPl! £5. a clceeraa alee ee 
PAD Tee 1 So ysicyel hel Oe" A e's «5, mR A 06 57-2 29 31) 620 G2 -838 | +10-7| 4-1 Hoey |) 3) 
4- 5-9 5-1 
2937 MBOSSULSIIS ail riate dee ee 06 58-1 1 06) e522) Ke +0383 | + 67 cis Be ATA 8 cher is 
294 | Boss 1815 ¢ Gemin. 06 58-2 20mAS 4-0 GO -008 | — 5-3 |—38-5 |—3-0 |—4-2 
—4-0 |—2-8 |—3-4 
DOSS BROSSHI S222 Gilman ee eee. Gece. 06 59-6 34 38] 5-6] G4 -086 | — 4-7 1-8 | 2-0] 0-8 
1-5 | 0-9 1-6 
296 | Boss 1824 17 Lyncis 07 00-6 60 57 6-7 K2 ODO Mets Deal as eecelliag ee eae 
OER 2600) ili ae Bes aioe te 07 00-9 34 09 GEL) SRS > Wate OSI a a ee ee 
DOSR IE Bosse LS oom silt ot dees ner: Q7 02-6 16 05 5-6 | KO -110 | —31-2 P60) 2020 0p eee 
0-4 iT O4| shee 
299 | Boss 1840 7 Gemin. 07 04-8 30 25) 4:-5)| K83 -051 | +13-2 1-2 Ds, Senne 
2-0 LeO ae ee 
SOOM ORS LSA Gian le weer eis cee 07 05-6 byt aie || save M4 LON Me yLies iia] =D alle en | ee 
=i cb speck stale ae eee 
SORE Bosse SO man a ae ee 07 06-3 24 Ta be Sell ES -054 | + 2-3 |—0-8 1:8 |—4-0 
0-8 1-5 |-1-4 
302 | Boss 1854 18 Lyncis 07 07-2 59 49] 5-3} KO -271 | +23-3 3:7 Pf). ckeaeee 
4-3 Gale 3 - 
SUS a BOSsyE S60 0 |lya5 estes ee cue 07 08-4 47 25| 5-6| F9 -184 | +84-2 6-1 5-5 4-8 
6-0 5-2 6-0 
SOAS IEBOSSA SOS: 0 wl... pee 07 09-0 WPA rN ESOP ASCO) 058 | +14-8 |} 0-0 |—O-1 }...... 
—0-4 SG te a 
305 | Boss 1868 53 Gemin. O7 09-7 28 05 5-9 MO SOLS) Sh Deans a. Sea aera oe ee 
SOG IEBOsSH Sie ul tan thetic os O7enOrnt 82 36] 5-1 M5 OA) =e LOLO G5 keds cm ard eee 
307 | Boss 1914 56 Gemin. O7 16-1 20 38 5-2 K8 “O66 4) = SsSi4 2 ue Sk ah. . Bien ee 
308 | Boss 1919 66 Aurigae Oz alae 40 52 5:3 KO O23 WSO teas, Sette oe 
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2:2 Ve) 2-6 
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4-21} 4-4] 4.4 
STO nse LOGO) |oe dle hes siete 07 22:61 07 001) Be.) HO £044) 4A 480.1 pea Te 
1-351 Sd (0-8 
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- TABLE 7— 
| vis 4071 | 4215 | 4271 
: 1900 6 (1900 - | Type Vo | = | 
No Star Name a ( ) ( ) Mag. yp be Bs i a 
6c) : h m ° U 

313 | Boss 1952 p Gemin. Ome227 7) Sl 8) || An | oats: -237 | —13-8 | 2-6.| 3-0] 3-0 
2:6 | 3-3 1-0 

314 | Boss 1953 y Canis Min. | 07 22-8 09 O08 | 4-6} K5 506241) G-3260||ae eed cae |e 


315 | Boss 1962 6 Canis Min. | 07 24-2 2a 4-8 | K4 -019 | —28-2 |. eo ee oe 
BilGy |) ROR MORE Nees os Suosteer 07 26-9 02 08 5-3 A8 -012 | +16-6 1-4 1-6 2°5 
2-6 2-3 1-8 
SUMMEOSSHOSO) lnnerd meedcatercas O07 28-7 56 00 6-0 | K8 |, -044) + 1-9 1-3 DEO cae 
0-2 PA | ies See 
SUSM Oss LOSI 0 tc eee terete O7 28-8 Sah Tul 5-8t| Ko -031 | —13-7 2-4 122 ae 
ies) TS7E ees oe 
319 | Boss 1987 v Gemin. 07 29-8 Page AO 4-2 K7 -119 | —29-6 Se dt Bol. eee 
320 | Boss 2001 o Gemin. O07 32-6 34 49 4.9 Fl -123 | — 0-8 1-2 0-3 0-5 
0-1 0-1 0-0 
321 | Boss 2008 a Canis Min. | 07 34-1 05 29 0-5 F5 1-241 | —19-2 2-7 2-6 33} 
I. 2-8 3-1 2-6 
S22 mle BOss 2020.55 |se ae seiee O07 36-4 426 5-8 M4 "O14 4] 28338)... eel. seal aeeee 
323 | Boss 2023 o Gemin. 07 37-0 29 O07 4-3 Ko -247 | +36-9 ihoat 13502 
—0-2 DEST es. 
324 | Boss 2028 76 Gemin. O07 38-1 26 O1 5-4 K6 O32 5) NOES Heh oes eee eee 
= (Eb Meet coy leeintee 
325 | Boss 2029 « Gemin. 07 38-4 2438 3°-7 G7 -064 | +11-3 1-2 O- Gilt ae 
: 0-8 Ose seas 
326 | Boss 2031 8 Gemin. 07 39-2 28 16 ily? G9 -624 | — 5-4 2-5 dU Pee 
3°7 nie 2: | ee ee 
SPA || WORE We eoodsesaen de 07 39-8 80 31 6-5 G9 -480 | — 0-5 3-4 Ore He cee 
4-1 Oso ae ee 
328 | Boss 2040 81 Gemin. 07 40-3 18 45 5-0 KS8 -094 | +66-4 OES: tee ea ae eee 
Se: | ae |e oe ee 
329 | Boss 2049 a Gemin. Ove alt 33 40 5-3 MO “Q39)|' — 20:5 Il tecky na emaeals oer 
SOO Ms Osse7 002) inka eee 07 50-0 09 O07 5:8 F3 -086 | + 6:3 4-3 4-5 2-3 
4-0 4-2 1-6 
SOL MELO OOS: allinwaete shteieepe, ore O7) 5122 04 44 6-3 OF Leesan a ett eee arcsec cee 9 als 8 cdo 
BS Oa sO sau Olean Ean Mapares = een tee 07 53:0 59 20 5-8 F2 -033 | —39-4 |—0-2 |—1-3 3-9 
—1-4 |—0-5 2-0 
333 | Boss 2112 54 Camelop. O7 54-5 Wi Gb: 7-4¢| F9 -074 | +22-3 1-7 2-0 1-9 
2-0 2-6 2-2 
Sobel IOS VAIO: aon o dus ates OF b7el 02 36 4-5 K2 -106 | +56-8 |...... 2-21, 
3-1 AW al i Mee ee 
335 | Boss 2155 29 Monocer. 08 03-6 | —02 41 4-4 Gl -022 | +138-7 |—3-3 |—1-8 |—-1-3 
—2-1 |—1-2 |—2-6 
336 | Boss 2156 13 Cancri 08 04-1 26 08 6-7 K4 -0388 == 55 1G MR Rh ats oll eee gail eek ee 
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414 | Boss 2665 19 Leonis Min.| 09 51-6 41 32 oe2 F4 -114 | — 6-2 3:5 1-7 5-3 
4-6 | 2-0] 5-6 
AN. |p i3yosewAahll Wag aerson aod ce 09 52-9 08 48) 6-3 | K7 (0343) —26 27a. 20 adic eee aoe 
GUIGY I ByospeLOIGs | \ln chor Oanlaeo oe 09 53-0 D0 Sa bee le VO -051 | —10-7 Lala. aoe nee 
417 | Boss 2680 a Leonis 09 54-9 08 31) 4-9 M2 O41) AE 1528-2 ge eid ele nee 
418 | Boss 2681 20 Leonis Min.| 09 55-3 S220 Noon) Gil -677 | +538-8 Hs Mi Pere 
A Oia aoeermieeveto cere Groom. 1608 | 09 57-9 BS) oul 68a 7 -170 | +26-4 |) 3-8] 3-1 4-4 
4-2 2-2 4-4 
CORO Neb heer cone Groom. 1618 | 10 05-3 49 58] 6-8| K6 DPeA5 lig = 2706 le. eee oe ee 
421 | Boss 2711 34 Leonis 10 06-2 1B} Gl (or: a ee a) -069 | —23-1 3:3 Seba) Gee 
Sool eos 3-4 
422 | Boss 2727 24 Leonis Min.| 10 10-8 29 TORS G25 G3 -105 | +26-8 | 4-1 3-5 5-5 
4-3 4-4 4-1 
423 | Boss 2728 35 Leonis 10 11-0 24 00) 5-9 G3 -207 | —40-5 139)| (404s) Sad 
PKG TE GIS 3:7 
424 | Boss 2730 ¢ Leonis HQ) abiboal 23) 8559) 38069) “PL -028 | —16-2 0-8 1-5] 0-7 
0-4] 0-9 |—1-0 
425 | Boss 2734 39 Leonis 10 11-8 23 31 5-8 F7 -421 | +35-5 | 4-3 4-9 | 3-6 
4-3 4:3 2-4 
ZIAD It WOE POY Ns oooangackaoce 10 12-8 44 33 | 6-7) G5 309 | — 5-4 4-6 BSOwl eee 
424 | 9523) |.9.. 45 
APY WN NBO OPM) oa Ano auae 10 14-1 54 43} 6:2} K2 “O21 | e-13e4e (OR OM | POs Sei, ee 
0-5 2c el b @oe 
428 | Boss 2741 40 Leonis 10) 143 19% #595) 2520 6 -325 | + 3:0 | 2:5 3-1 3-9 
2°8 | 3-5 3°7 
429 | Boss 2742 y Leonis (br.) | 10 14-5 2021 2:6 | G6 -341 | —39-7 1-7 LS Vn ane 
Beat eaten. fac, 
430 | Boss 2743 y Leonis (ft.) | 10 14-5 20) 21 3°8 | Gd +355 | —39-7 1-3 bCrsT Wate 
3:5 De Gite e enue 
TAU ABYONSS( PATRI eee een aig weenie 10 16-3 41 44 5-9 ¥9 -191 | — 6:3 2-3 2°5 4.5 
3:2 | 2:4) 3-6 
432 | Boss 2751 wu Ursae Maj. | 10 16-4 42 00} 3-2 K4 -083 | —19-8 |—0-8 |......4.5...., 
LATOR A Ae are ae (BY os 
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TABLE 7— 
Vi 4071 | 4215 | 4271 
No. Star Name a (1900) | 6 (1900) Mae BRE ae he 77| 50| 90 
ie h m C) U 
433 | Boss 2761 28 Leonis Min.| 10 18-4 34 13 5-8 | K4 -027 | —22-5 ne Ree ors | 2 
434 | Boss 2768 30 Leonis Min.} 10 20-2 384 18] 4-8 Fl -104 | +13-6 | 0-8 1-3 3-0 
2-1 th 1-0 
43 SOM Dae | ee ata trae. 10 21-9 49 19 6-5 Gl -896 | — 4-1 4-8 5-4 5-0 
5 | Boss 2775 5.4 5.2 5d 
436 | Boss 2776 8 Leonis Min.| 10 22-1 37 18 | 4-4) G6 -159 | + 6-6 a ae ee ke, | 
= MSRP ANG ae aie I 
Eye |) eye EI Nh nod one enoaoe 10 22-8 66 08 6-4 | K2 -043 | —18-9 os of ee . 
* OAS Wi peeked, antayte 
438 | Boss 2785 36 Ursae Maj.| 10 24-2 56 30 4-8 ¥F8 -181 | +14-3 4-3 4-2 4.2 
4-9 4.9 i509 
439 | Boss 2800 46 Leonis 10 26-9 14 39 5-7 M2 OOM) SpaUCUN eS ccemollascoscllaacce » 
440 | Boss 2824 36 Leonis Min.| 10 32-3 384 36 6-6 K3 “O26T alia ee el ee rl ee 
ANE EB OSS 232510 asain se c-oml! UK) BP) gab 119) gare || «1k -116 | +49-7 Ov Suites | ee 
0-2 A) OF5| ee coe 
442 | Boss 2829 37 Leonis Min.| 10 33-1 S2OU 4-8 | F9 -010 | — 7-0 |—1-5 |—1-0 |—0-4 
—1-4|-0-6 |=0-1 
443 | Boss 2831 38 Leonis Min.| 10 33-4 Shey PAY |) daft} GO +223 | +17: 1-2 1-2 5-7 
0:9 1-8 5-0 
AAAWEBOSSELOOS nl acme case 10 34-7 68 58 5-9 K4 -036 | +13-1 Qe ee. | eee 
teeta I rae Ml a ont 
AVNES WW BYoI 4c Vi [ee oth tem older 10 36-6 32 14 6:3 M5 -028 | +14-4 |-1-8 |......]...... 
Sin eects meee 
44 GU IBOSS 2oDoM |i aeerere cess cre 10 37-7 46 44 5:3 | AQ -286 | + 6:3 1-9 2-3 1-8 
1-9 3-1 1-0 
447 | Boss 2858 35 Sextantis 10 38-1 057 165) 6:00) 5 1045. | =F StS alse we taller es | Se eee 
448 | Boss 2864 36 Sextantis 10 40-0 03 00 6-6 K2 “O51. = A SOG aloes chee eae 
(3) 22a oe 
ZAOMIEB OSSe2500I mace ania 10 40-2 Gf [583 6-5 M2 O79] =f AlN ereee, con eee | 
NSD JSON” Wb ac cape oboe 10 46-5 53 06] 6-7 G9 -021 | — 8-1 0-9 Qh Sinleeee 
1-0 PADD Me em 
451 AVEBOSS: 2806) lanes tear: 10 46-5 ey (0B: 6-6 K1 ‘088 | —1-9 1-6 2h ea 
1-6 Le Sa ge a 
ANGI |b MBS SPL eee 5 db Ooulb oe 10 46-7 (0) 2B 6-1 Ko -404 | 124.7 5-2 ORS eae. 
4-5 2s Galley cee 
453 | Boss 2899 46 Leonis Min.| 10 47-7 34 45 3-9 Kl -303 | +17-8 0-5 E07) “oe 
1-9 Us ee eee 
AA BOSS 2 LOn lee meta iacia 10 50-2 34 02 5-2 ki “112 | —22-1 2-3 OS Obl saa 
1:8 PAW les Kei eee 
ASD IBBOSS OO Oe tl" oteeie. ceo heeaens 10 50-6 42 33 6-1 K2 -099 | —51-0 deve rod al ae 
p —0-4 2 all en ans 
456 | Boss 2913 | 55 Leonis 10 50-6 OLS Gr eG 07 a2 -105 | — 2:7) 8-2.) 3.4 | 4:2 
2-9 3-0 Price 
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TABLE 7— 


v3 4071 | 4215 | 4271 
YS ray Is. . 
No. Star Name a (1900) | (1900) | yrag | Type} # Vo Serie, 
i h m fe} / S 
CUS ed wh Ree pa eee Oe ee 10 52-0 78.0 18: e603 MaG4 -080 | 41-5 | 8-8 8 ae 
458 | Boss 2920 | 47 Ursae Maj.| 10 53-9 40) SSeh woe GL “3210 W4-48-9 | 4:00) 4-7 s GeO 
As Dole Bel Wa bar 
B59 eases 2021" ste Bw be aa dees 10 53-9 36. 40)| 6.oo M4 096 8h 1 | S040 eee 
AGO Bond 202 25 PeBon so: ca 108 54:7 AS ETA a6. Lee 7 1760 Wo Shi oO ee OL) aes 
ra z.o16 360 |) ark 
461 | Boss 2933 | a Ursae Maj. | 10 57-6 62017 2:0 We G4 ‘ABTS a1 ok) OvSall Or8) 1k Ons. 
iO POs4 1) 2G 
462 | Boss 2942 | x Leonis 10 59-9 07 58.42.70 BG -346 | + 2-9 |—0-9| 2-6 |—0-4 
=O: 1) ae = leo 
AGS MBoae 2051. lia teetin 40! a tts 20253 7S ee chan A CA Oe aca Ot lin) ate ne 9:0: lyl2al 7 Pees 
ST Bese Sa 
G64) WeBoss. 2053) “i.e wee, aves 11 02-5 SE Tt heeye ut BAS 03 353.)/—0-2. | — 8-2 | Bes 
22 NEO eat ok 
465 | Boss 2958 | y Ursae Maj. | 11 04-0 45 02.1 (3 Lay CO -067 | + 0-8 s ae b  ekh 
ESSE Ie ACSC wal ar oie ae frat: 11 04-0 AS: Tra \GcOinty, SER Nestea k ae Ate Tl et oe le 
CUS AA TE Dic Ya a 2 Tie 0761 SBP Ot o Gea BO: Mey tod ee Se 6-2 |. 5:0.) » eee 
6-6 | 6-0:)) 5-1 
468.) 108s 2967 «lsc the 1) he on 11 08-5 20 41 | 6-9] G4 406% (-244-9.) S-44) 2} Oe5 
3-4 |> 4-2 }) 1-02 
AGQuia Boss 2073. ||. Suda oes 11 08-8 OS". 37.1 5-90 KI [190% Peete Gale OsS5) 0s 7 it ee 
ba) eG)... 
PTO ABO COT Ae Bas xs ate c 11 10:3 53 19| 6-3] F3 S077 | ROT B ly AO Oe AEG 
4o7 118-3) <7 
471 | Boss 2978 | 73 Leonis 11 10-6 1351 Beso ack 0266 Meteo. 1 OG.) ky eee 
£29.) ~S.05 he 
472 | Boss 2980 | Groom. 1757 | 11 11-1 50) 01). 6-0.| “G9 OSE dock AO) O- RU 1 ta ae 
ESO tee. et 
473 | Boss 2984 | ¢ Ursae Maj. | 11 12-9 20. OG) f4c4 aa ORS 730 Wore lS Bol 0.1) abso 1. ae 
; (br.) 5-0 | 4-9] 5-6 
474 | Boss 2984 | ¢ Ursae Maj.| 11 12-9 39) 06.4) 4. 90h 9G2 729) 1 —<38sB ul) x8. |e 0 1) ae 
(ft.) eal, sell” Skee 
475 | Boss 2999 | 1 Leonis bie. 1877. LL) 05) 24-0 ap AZZ | —10-2.| 0-2 || BO) Bea 
Ad | aie aes 
476) Boss S000” Vii ds2ec cen aes 1p 1829 Ol 58 4jeib:b4 865 (O29) 4 v— 125) 1) HOG, See. 
TE oh hee ae eee 
ATT NMDOSe SOOT Nia Bad Sateen, 11, “2094 56 245) 25-80) 1Go -073 0:0ul si ae eee 
‘1 |) ae 
478 | Boss 3008 | 81 Leonis 11 20-4 17 OL | “bs6s) 8FD -142) | £15-6 | 2-0-1) 163 | oa 
2:41) BQ O98 
479 | Boss 3014 | 83 Leonis (br.)|.11 21-7 030-88 J).16- 5 snGe 739) Hes!) ALO eee 
4-6 | 4-5}. 
Ae PoseS207 5 1, Banks. hoc wa Se 11 24-9 81. aL} 61). AD -148 | +11-71 0-5 | 1-7] 9.7 
—0-1] 2-6] 2-2 
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TABLE 7— 
Vis 4071 | 4215 | 4271 
No. Star Name a (1900) 5 (1900) Mag. Type be Vo a 50 90 
S| toe eo ele ee ot are ee rs 
481 | Boss 3030 86 Leonis 11 25-3 18 58 5-7 | KO -076 | +25-9 ae me irk oee. 
482 | Boss 3031 d Draconis 11 25-5 69 53} 4-1 K5 -043 | +15-4 |-1 - Sisk & Al Seve 
483 | Boss 3033 Bu. 5811 11 26-7 61 38 5-8{| F7 -077 | —40-9 4.2 4-0] 3-5 
4-7 4-2 3-4 
ARYAN Tate AUT | oe oqo meena 11 28-6 Bh UB! 65S WETORE |S see eee ee 3 0)s | gegee all eee 
3m mezin 2 alse eae 
CUSIS WP UBEIRS UNE Wt ea aceon dae 11 29-0 11 28550 Ge i | eeA2 aa eee oreeneens 0-8 1-7 3°9 
; a 0-8} 3-0 2-9 
486 | Boss 3058 v Leonis LISI 85 — OOM Ga eA ae bok -0387 | — 0-2 oe on day ile: 
487 | Boss 3069 Bu. 5858 (br.)} 11 33-5 45 40 6:3 | F9 -579 | —11-8| 4-6] 4-6] 4-9 
5-1 5:5 5-2 
488 | Boss 3075 61 Ursae Maj.| 11 35-7 34 46 5-5 G6 +3888 | — 2-7 5-6 Oe ren oe 
5-7 GO| See 
489 | Boss 3078 62 Ursae Maj.| 11 36-4 32m 5-7 F3 -344 | +34-1 3:6} 3-8] 4-0 
3-641 4-5 0 3-2 
AYO) Ih WEEVGIEES le hae eee wouwe 11 38-3 42 17] 6-8] G5 -031 | + 7.3 2-6 I-On eae 
| 1-0 Dic! | see 
491 | Boss 3089 y Virginis 11 40-7 Ory (is) |) Ake MO 195-~-P oto 0 Gti ao eee 
: =O aol ae ee 
492 | Boss 3090 x Ursae Maj. | 11 40-8 48 20! 3-8] KO +134 —2.2 | 2-8 Qe eleeermen: 
2-6 LS al erate 
493 | Boss 3098 93 Leonis 11 42-8 20 46 | 4-5 F4 152 =- 2-3 4-2} 2-5 3:3 
3:5 AO) ood 
AGAR WHER M4 53026 |e ce wes cif 11 44-1 iho PeareL ea IG Galle wan ick ose oe 0-4 1-2] 3-6 
0-7 1-8 1-8 
ANOS WP ISYeSS BND Wo poo oue naman 11 44-5 35) 29 5:8 | F5 ela isl Ree eee 2-1 1-0 3-2 
1-8 1-6 1-8 
496 | Boss 3105 6 Virginis 11 45-5 02 20] 3-8) F8 -795 | + 4-0 4-1 3:3 4-3 
3:7 2:3 5-2 
CRON Pea 8 OG) ata SY ae ee coor 11 46-0 Seni Comey iee Se IDS oes lly ar, a algae 0-4 1-0 1-6 
0-3 1-3] 0-8 
498 | Boss 3112 Groom. 1830 | 11 47-2 pice PA | oly || (Cys 7-046 | —91-5 6-6 od eee 
5-2 OsSelaen re 
AOE BOSsroLo cin al seraenyes sateen 11 55:6} —09 52) 5-6 G9 -490 | — 2-1 2-9 3: OUle eee 
2-9 AS Ole ccs 
AGIOY || Lakes GML Wh ce ume peemed 11 56-5 36 36 | 5-6 G8 133 | +383-5} 0-8} 2-0]...... 
0-2 13 hey openaee 
501 | Boss 3142 1 Comae Ber. | 11 56-6 22 39 6-6 F7 -040 | +13-4 4.7 1-3 |—0-2 
2-6 15a Oe 5 
502 | Boss 3143 67 Ursae Maj.| 11 57-1 43 36] 5-1 A3 -321 | +15-1 1-1 2-4 1-6 
PASI IP Beas 3-1 
HOSePBOSStO 14 Os eed ey ore oer ll 58-7 06 O8 | 6-5] F5 -167 | + 8-5 Lill Me 2m) le teiee 
1-9 3-0 1-4 
504 | Boss 3155 o Virginis 12 00-1 09 18 | 4-21 G6 “219 | —27-6 | 1-2) 0-2 
=a ed Oly 
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TABLE 7— 


é 4071 | 4215 | 4271 
Vis. 


No.| Sta Name 1900) | 6 (1900 Type} io | | 

: : ee eT ee ae alae 77| 50] 90 

h m ° bf titel Se pee haar 

889 | Boss 5049 |.............. 19 49-1| (34 46) @-3)| GS) 1014] = 6-6'| 0-3) 10-0) ae 

1-2 || eles foe 

890 | Boss 5051 | 17 Cygnibr. | 19 42-6] 33 30] 5-0| Fé | -453 | +24.0| 2-6] 3-2] 4.3 

a8 |) Welk aed 

S91*| Boss 5052 | 5Sagittae | 19 42-9] 18 17] 4-31/G+M] -009 | +21-0 |-0-2]......}...... 

892 | Boss 5065 | 0 Aquilae 19 46-2| 10 10| 5-2| Go| -278 | +141] 3-7] 3-4] 4-9 

a7 | 3-7.) 4.0 

893 | Boss 5071 | » Aquilae 19 47-4) 00 45) 4-2| Fe | -015- | + 1-44—2-4 [...... ay 

a2 10% |e 

894 | Boss 5075 | 20 Cygni 19 48-1] 62 44] 5.2] Ka] 072 | - 3-0] 1-5 )......)..... 

SOBEL Re T HiT Le Bae swe 19: 4898. 472 Ou 6-24) On a eae eee =§-2 |) 4-44 pet 

14] G8! ded 

896 | Boss 5089 | £ Aquilae 19) 40%4'|-_ 68) 19.1 f4-01 1G | Cis0-|) Sonndoro oe eee 

D6 M8 dere 

897 | Boss 5093 | 6 Aquilae 19° 50-45) 06) 094) 3-9) CGT | “dee. 23-1} ee ee 

8 1 eMuloe 

898 | Boss 5098 | SSagittae |19 51-5| 16 22| 5-8| G1 | -008 | + 8-9 |-2-8 |—3-9 |-6-0 

8-0) 92 aed 

899 | Boss 5103 | » Cygni 19. 82-6) 84.49]. 4-0) (Go |--051 | =") 9-9) et ee 

B47 | Weed oe 

900 | Boss 5118 | ySagittae |19 54-3| 19 13] 3-7] K8| -065 | —16-1|-0-5]......]...... 

eee ey ae 

901 | Boss 5137 | 26 Cygni 19° 58:5) A9in494 G8 MiKo} ode? | iyo Ose | toe 

OL) eae co: 

TP) [Se oe 19: -50°5:| 29. 88.115: G7 |) Seat gee) eg) yeien 

paecs yea 

903 | Boss 5146 | 15Sagittae {19 59-7] 16 48| 5-9] G3 | -576 | +20-4| 2-7] 5-3] 4-7 

4-0| 5-0] 3-9 

904 | Boss 5151 |........0..00. 20: 00-7). 19°42; | “B:3)| “2 |) F0eai | eaters) cor) ies ee 

16) NB. (sash 

905 | Boss 5154 |.............. 20 02:4.| “%6. -18.|. 6-4.| (Mai so5oiul heey |i ee 

906 | Boss 5157 | 27 Cygni 20: 02:7! 85 -4o | Wes | “Gg }-cedearal) tag aay) | eee 

a eee 

CO ELE 1608 | Pets «7.x da 20) dart!| © bo0g | Sera) Hee ae ead ee S58. |/ Sytem 

; 268 | 99971) 456 

908 | Boss 5163 |.............. 20 03-6| 52 51| 5-7| F5 | -835 | -24-1] 2-9] 4.3] 3.8 

$4 | tear lag.y 

909 | Boss 5184 | 68 Draconis | 20 09-9] 61 47] 5-7| Fv | -158 | —1-3] 0-3] 0-1] 44 

0-1] 0-5] 3-0 

910 | Boss 5187 | R31Cygni | 20 10-5] 46 26] 4-0] Go| -006 | +14-2 |-0-2|......|...... 
0-3 


911 | Boss 5192 | 22 Vulpeculae| 20 11-2] 23 12] 5-4] G7 | -015 | + 9-3 |-4-0 |—2-0 


912% Boss 5200 | 32 Cygni 20 12-3| 47 24] 4.71 K7 | .00g | + 2.8 1-2-0 
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TABLE 7— 


4071 | 4215 | 4271 


1900 6 (1900 Vis. | Type b Vo |) "|| = 
No. Star Name a (1900) ( ) Mas. yp 77 50 90 
h m ° , ie nail Ce ok ia 
913 | Boss 5201 24 Vulpeculae | 20 12-5 D422 eb 4 a AGE -030 +29-5 cae oe ee eve 
914 | Boss 5202 o Capricorni | 20 12-5 | —12 51] 3-8] G7 -062 SEH) AS Fou to Ae He nd 
F203 dk sees apse ane MM) Te 45 16| 5-9| F4 -060 —24-2| 2-7 | 3-1 4-0° 
915 | Boss a 3.2 3.9 
Onis || WOEREAEY canccacsuscos 20 13-0 6427 17-2. | GS -050 = 52 14 HAO) I 10 eral 
PABLO) S309 {NSO 
Oye || BEES SAD Wis eascacgocoas 20 138-4 AQ) O83 | Gielss |) aes -014 i BAO ii AE ee 1h. yrs | 
Boss 5213 35 Cygni 20 14-8 B45 40a e+ 2 Heke -020 + 3-5 |—2-9 |—4-7 |—2-1 
918 oss yen ED (es) ee) 
Ole) |b TRS SAI Wn canen coo once 20 16-4 66 31] 6-1 G2 -558 +10-3 | 4-7] 4-9] 5-1 
5:7 |. Bef | 4-5 
(TN || DaLIRe. VRE Ws ooo ae aes oeue 20 18-2 14a 1S ol 5622.| tela: alse alee 38-4] 5-41) 6-0 
4-2 5-3 4-8 
COVHT || TOES GARG  loanoumooasouc 20 1862 05 Ol 5-4] G9 -053 ead 1109) 10 5071 eee 
0-9 AEG aie CUR 
Op || Tle AED Ib, boton RORSAIeD Bo 20 18-5 AQ Med 5 G4 (2a alseiceec tee eee ail oA, |b eee |e 
—2-4 |-2-6]...... 
923 | Boss 5229 y Cygni 20 18-6 39 56 2°3 7 -006 +11-7 |—3-4 |...... —3-1 
—3-6 |—2-4 |—-2-3 
ODA SBE e717 O77 Ml teteeinrsters, coe 20 18:6 309.56! 602 sR IKG: [eee aerctl heey crore | Siraeae = eee | eee 
(ODS. Al JBI PE) © Win oo onnoedoorc 20 18-9 450 20 5-9 KO ! -048 — 6-9 0-5 Dut eee 
0-8 a0, Whee sane 
926 | Boss 5235 39 Cygni 20 19-9 SL 52h 4-6 | Ks -044 AA | —Oied) (eso cle come 
On |B ae sees 
927 | Boss 5255 41 Cygni 20 25-3 SOM O24 ait -014 eos —()S 7 |e 2 —1-6 
=U 67 | eee A, —1-0 
OISMIBEOSSLOZ Uy “lero eeusteielerscroe 20 28-2 48 53 5-6 Mi -041 AO eA ati an site celle ater 
PAN So oe OM OF Groom 3215 20 29-3 41 32 7-0 KO +475 + 5-8 4 OD: S) le eee 
EO SON ees 
OZORIMB OSS O2S808 ll ieiaee co scion 20 30-4 YPX APP Mojo) ks -026 SA ae (ee eee, Sgt ere 
931 | Boss 5291 B Delphini 20 32:9 14°15 | 4-07) F8 -118 — 9-4] 0-8] 0-4] 2-4 
1-6 1-7 1-6 
932 | Boss 5294 71 Aquilae 20) 33:2 1 —O1l) 27 ||) 455 G8 -030 + 6-3 |—-0-9} 0-3 |...... 
12 TBS ke seal 
OB3UIBBOSS7 5290) Rhee s al vciaiee 203401 12 58 6-1 K5 -021 t- GOwS eae cn ee ae ees 
934 | Boss 53808 75 Draconis 20 34-5 81 05 5:6 G8 OBS) Alc aaa ates —0-9 OG Alene, 
0-0 1 Py fil | ieee 
Bias || Wo PGROLN = Wie wucme on oockos 20 34-9 29 59} 5-9] G9 -090 +29-1 1-5 ROB es 
OSH eos rae! 
OSGRIBOSS Doe len lees eae 20 38-2 60 09 | 6-0] F6 -184 + 3-7 8-1] 3-8] 3-9 
Sy || Syl Gioy? 
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TABLE 7— 


Vis 
5 (1900 Type| 4 NO | | aap eee 
No Star Name o (1900) | 5 (1900) | yfag, | TYP 77| 50| 90 
eee | oe een rae RT| cot ee 

: 20 39-5 35 14) 6-5| G4 020 | +25-9 |—6-0:|—2-7 |—4-0 

UBYE ll oscanotocd X Cygni 9.2 |G ea 
938 | Boss 5331 52 Cygni 20 41-6 BX) Pal |) logy | Ee -025 | +15-3 Be ae ae? 
939 | Boss 5334 | 7! Delphinift.| 20 42-0 15 46} 5-5] F8 “197 | +53) I-77 | 2-4 |) 223 
1-6 2-4 2-7 

940 | Boss 5335 y? Delphinibr.}| 20 42-0 ise ARS |) lof || SIT +207 + 9-1 ou ae ee 
941 | Boss 5336 e Cygni 20 42-2 33 36 2-6 G7 -485 sia Oe 2-7 O00) ee 
Bete) ORGY Ih ab 

GAD PIPBOSS(OG44an | lderubteacier cscs. 20 42-9 57 138 4-6 F7 -243 —15-7 4-7 3-7 4-2 
4-2 3-2 4-5 

943 | Boss 5346 n Cephei 20 43-3 61 27 3-6 G6 824 —72-0 4-3 3208 eee 
5-0 Pit tes Sac 

9449) BOssi5d00) nos. ted os = 20 44-6 47 28 5-6 K4 -029 = 1593 ts ote 8] aoe eee 
OA MEL Re 09 (en | eters teat. elorecee. = 20 44-9 52s (O32 | 6a wiSOW | Seid ae. trees A= (Olall” , Anh eh| Ss sees 
SeAs PoSAa Ce oe 

946 | Boss 5358 15 Delphini 20 44-9 12) 1 6-0 F3 -114 +16-4 3-6 3-6 5-1 
3:6 | 3-2] 4-6 

947 | Boss 5865 | 56 Cygni 20 46-6 43 41] 5-1} A6 -180 — 8-5| 0-9] 1-8] 1-5 
1-0 | 3-0 |—0-1 

948 | Boss 5370 T Vulpeculae | 20 47-2 Zim O25 Os Ones, -018 +14-6 |—2-5 |—3-9 |—3-3 
—1-0 |—1-3 |—2-4 

949 | Boss 5373 31 Vulpeculae | 20 47-8 26 43] 4-8] G5 -102 +17-5 |—0-2 |-1-0} 3-5 
=a 0 A ee 

950 | Boss 5385 17 Delphini 20 50-9 13215 85245 | eGO 02700) tO 0))) ls 2.) O68 ee 
| NS EI EOGY Ek oe 
Cupl || Wstecteasire: ae oo.ocomodce 20 52-1 80 11 5-6 K2 -040 —14-5 0-5 0:0) | See 
1-4 O: Gol teeeene 

OSZRIE OSS O40 tea ate teeeecer 20 54-8 44 04 5-8 KO -128 —15-9 0-7 16.1) ee 
LOG) Da ene 

Hes || IBS eCPM ec oronbeceds 20 57-0 59 02] 5:8) K5 -051 ot O37) =O a Sethe eae 
OF ATP BOss O41UGm || note ii erste svsc-e 20 58-5 39 06 6-5 K2 008 OSG has. etedll eck, tee Alt eee 
OS ON BOSS O42 mal aeote asiiere tad 21 00-1 41 14 6:3 F2n +053 + 4-3 |—0-1 2-0 |—0-2 
: 0-4] 2-3] 0-4 

OSG ABER 80 (ain | ietrete dere laisiersts 21 00-2 49 57 6-4 KOs Seach dca ngtvane Oe 1-9 Ua IR Biches 
—=Osdet alsa reo. 

957 | Boss 5428 | 4 Equulei 21 00-5 05 34] 6:0) FY -169 —LO-2 i 2:60 2s6nle a9 
3:4) 322] 3-7 
hath It IBLARE RUA ang ceo cosa a 21 00-7 SPF Pile Co AEG eS os collsnodan oc GG) ee. eel eee 
2-6 OS Siok, ce 
959 | Boss 54381 & Cygni 21 01-3 43° 32| 3:9) KA ‘O11 65 35e)| — eel eee 
Co TUE | ES Os oo (lees Grates 
CaO |) Heute Nees oo oanoaeor 21 02-1 26; 32.) (G32) SC ee eel eee Ol ccs ae ee eee 
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Boss 5483 


Boss 5484 


Boss 54386 


Boss 5443 
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Boss 5455 


Boss 5459 


Boss 5460 


Boss 5461 


Boss 5472 


Boss 5479 


H.R. 8170 


Boss 5489 


Boss 5495 


H.R, 8191 


H.R. 8197 


Boss 5504 


H.R. 8210 


Boss 5519 


Boss 5522 


Boss 5523 


Boss 5527 


H. R. 8242 


Boss 55438 


Name 


61! Cygni 

612 Cygni 

63 Cygni 

y Equulei 

¢ Cygni 

6 Equulei AB 
7 Cygni 

a Equulei 


re 


2 Pegasi 
71 Cygni 


6 Aquarii 


p Cygni 


a (1900) 


21 


21 


or 


TABLE 7— 

ve 4071 | 4215 | 4271 

1900 - | Type Vo Se ee ae 

6 (1900) | Mag. | TYP 2 77| 501 90 
38 15| 5-6| K8 | 5-269 | —49-2] 8-0] 7-2]...... 
6-8 bot (el ee peat 

908 tn). tele. BS. | Bi ihhe 4 47 ar me. = el ee ee 
ee (ete aoe 

AT: 153) casos Kee) Oe | E10 2 ls ee 
09". 44| “428°| Fae | 179 | — 2464-15 1-225 —2 0 
S24 S44 —I-5 

29.49. | 3:45 G5 i) S061) | Se opsa oa — 2 
ei Eee ee tee 

09 36] 5-11| F6 -308 | 446-2] 5-91. 4-6| 4-0 
5-2 |. 42g 87 

40 44| 7-2| G8 | -045 | 4+ 3-0 1-0-1) 322 1-0-6 
0-6 | 2-6 |—0-8 

379 87-| -3i3)| (Rin| .-455P4—18-74] 1S0e209 on 
1:05 27645 1:4 

04 50] 4-54] F4 ei lhefeeG eenie 0-5 |/—-0-8 | 4-9 
0-4 /—-0-8 | 5-0 

55 22 | 6-2| Kd -027 i As Oa A ee. OY eo ek A 
06 562) 6Oal) “MOU, PsO47en 1-6 SBaes Al ol ee 
300 BS Orda RES Sea aes 4-5| 4-8] 4-1 
4-9] 4-6] 4.2 

106.28.) -dagel. TKO sf20 "e204 | 420m big) ae 
ee) Re Cee 

AVeSssi PH20 1 UKoel O75. Peis, oA 1 OG 3S 
13) Bag 

Ooh: 44.) Petal Seaist fu) 3 eis —1 (94 =pi73| oe 
0123) 0884 1.3 

P4064 Clk We a Bes oh ee —Dte} B28 | ee 
—Osas) 1G 

25° 45:) 537 | (Nom) -042- 4-4 7-5) APSO ace 
St BBu 4g 

19h Bac) Gre) Rea... eee eet 1:5] S44 get 

Bia 4-04 St 

$15.47 25271) AS71018] iO Sea aoe 
8.8. ass Oa 

93)12)) ©4081 -M0)| COot ae eet] aj aoe eae a8 eae 
TES hy ee eet 

46° 06:|--588:) G87) > aig 4  4sgS eee eS coe ae 
164 BOG ce! 

=06 01] 3:1]-F8 020 }-+-16-0'| —9°9 |—3.6| ody 
iat... Oo —2.2 

a Oa a ee aS Ok 0-9 |+0-8 | 2°7 
1233} =—0-24— 3.6 

45 09] 4-2] G4! -100 | 421-5] 1-8] 1-45) 1°9 
S84 144 V1 
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MOG] ela ING GINS lenge anoncenase 23 31-5 
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TABLE 7— 
4071 | 4215 | 4271 
No. Star Name a (1900) 6 (1900) Vis. | Type be 0 = || SS = | 
Mag. 77 50 90 

b m ° i? Sn) oes ae ale | 
1103] Boss 6158 H. R. 9075 23 «54-4 Sry Al Gos} | 13 -107 + 0-9] 2-6} 4-5] 4-1 
3-7] 4-5 |° 4-5 
1104 | Boss 6172 85 Pegasi A 23 56-8 26) B45) eo Sal Goin te 295 29-2.) 4279) Seal toe 
GPP | ESB be 5 a 5 
TOS Reese cee ae ee C. 3162 23 59-7 34 06] 6-2] Gl -766 +9-6| 4:8] 3-4] 3-6 
4-5 | 4-4] 3-2 
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NOTES TO TABLE OF RESULTS 


Boss 140 0 36"-3 Star is peculiar, seemingly a blend of A and F-types yet having sharp lines. Results from 
different pairs of lines are discordant and no absolute magnitude is given. 


Boss 179 04 44™.7 0™-5 has been added to Harvard magnitude on account of the A-type companion. 

Boss 307. 1217-9 Plates show double lines and 0™-8 has been added to Harvard magnitude. 

Boss 497 (br) 28 06"-6 The Harvard visual magnitude probably refers to the combined brightness of the close 
pair. A magnitude 5-5 corrected by 0-7 to allow for the spectroscopic component has been adopted. 

Boss 497 (ft) 206"-6 A magnitude 6-7 corrected by 0-5 to allow for faint spectroscopic companion has been 
adopted. 

Boss 694 2557™.6 0™-5 has been added to Harvard magnitude to allow for the effect of the A-type component. 

Boss 726 3408"-6 The spectrum is complex, an F-type spectrum also being present and 0™-5 has been added 
to Harvard magnitude. 


Boss 1190 4555"-5 This is a spectroscopic binary whose period is between two and three years. The range is a 
little over 40 km. The B-spectrum so hopelessly mixes up the lines that the absolute magnitude is untrust- 
worthy and no parallax is deduced. 

Boss 2602 935"-8 Spectroscopic binary with component spectra about equal in intensity, hence 0-7 added to 
visual magnitude. We have tried in this and other cases showing double lines to obtain results for each com- 
ponent. Many difficulties are present, necessitating a more complete treatment of such stars but it would 
seem that one component in this case is much brighter than the other. 

Boss 2632 95 43™-9 The spectrum has numerous broad fuzzy lines apparently complex and a correction of 0-6 
has been added to visual magnitude. 

H.R. 4698 125 15™-7 (pr) and (fo) The Harvard magnitude of 6-30 must refer to combined brightness though 
separation large. Addition of 0-7 to magnitude made but it is questionable. 


R.Y. Bootis 145 45™-2 Has previously been listed as a Cepheid. Seems to be an ordinary dwarf F. 
Boss 3940 15 23™-7 Spectroscopic binary and complex spectrum so that 0-5 has been added to Harvard magni- 


tude. 
Boss 4411 174 18™-4 Spectroscopic binary with component spectra of equal intensity and 0-8 added to Harvard 
magnitude. 


Boss 4423 175 21™-3 Spectroscopic binary, spectra quoted of different intensity though masses about equal and 
0-7 has been added to Harvard magnitude. 


Boss 5052 19° 42™.9 Composite spectrum and 0-5 added to Harvard magnitude. 

Boss 5200 202 12™-3 Spectroscopic binary spectrum complex and 0-5 added to Harvard magnitude. 

Boss 5443 21505™-5 Plates weak at K-region and type may be earlier than F1. 

H.R. 8257 21" 30™-9 Spectroscopic binary with spectra of equal intensity and 0-8 added to Harvard magnitude. 
H.R. 8765 22557™-8 Suspect double spectrum and 0-4 added to Harvard magnitude. 

Boss 6033 23 22™.1 Very poor plates. 

Boss 6058 235 28"-5 Suspect composite though M-type much the stronger. 
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Numbers 1-6, “early” tYPe spectra, single-prism, enlarged about 7-9 times. 
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PLATE III. 


Numbers 1-7, “‘late’’ type spectra, single-prism, enlarged about 7-9 times. 
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3. a Bootis, KO 
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PLATE IV. 


Numbers 1-7, M-type spectra, single-prism, enlarged about 6-9 times. 


i. £6 Andromede, MO 4. Boss 1128, M4 7. 45 Arietis, M8 
Ri a (ORonIs. M1 5. a Herculis, M6 8. Young’s scale 
3. 7» Geminorum, M2 6. R Lyre, M7 9. Harper’s scale 
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THE ORBIT OF THE SPECTROSCOPIC BINARY 5 TAURI 


BY W. E. HARPER 


ABSTRACT 


Twenty-six single-prism spectra of the star 5 Tauri taken during the years 1919 to 1924 are made the basis of 
the determination of the spectroscopic orbit. The visual magnitude is 4-3 and the type G9, and the probable error 
of a plate is +0-9 km/sec. The period is 960 days, eccentricity -397 and semi-amplitude 8-25 km. 


The star 5 Tauri or Boss 804 (1900 a = 3" 25-3", 6 = +12° 36’), whose visual 
magnitude is 4:28 and type G9, was announced as a spectroscopic binary by Campbell 
and Moore in the Astrophysical Journal, Volume 26, page 292, from observations made 
during the years 1897 to 1907 at the Lick Observatory. Kistner published three velo- 
cities also in Astrophysical Journal, Volume 27, page 306, and Adams of Mount Wilson 
has kindly communicated the results of two others. The writer also obtained eleven 
velocities of the star at Ottawa in 1917 and 1918. For convenience of reference these 
are given in the Table of Observations, but apart from serving to determine the period, 
they have not been made use of. The series at Victoria covers nearly two cycles of the 
long period of 960 days, and as they have been made and reduced in a uniform manner 
it is felt that the best results are secured when homogeneous observations are thus made 
the basis of the determination. 


The Victoria plates were made with the single-prism camera attached to the 72-inch 
reflector, the dispersion at Hy being 29 angstroms per millimetre. The plates were 
measured on the spectrocomparator against Arcturus as a standard. The probable 
error of a plate is +0-9 km. per second. The Lick three-prism results should be very 
reliable, and after — 2-0 km. has been added to each to allow for a systematic difference 
the residuals are all under 1:5km. They were given most consideration in the deter- 


mination of the period. 
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TABLE OF OBSERVATIONS OF 5 TAURI 


Observatory 


BiG ea AN RCA os EO eee ee oO 


Ete Wall Onineaeees sk ice: acl een wie ane 


Victoria— 


CeO 
i 
Ce 


ir i i 


1897 


Julian Date 


2,414,217 
4 226 
4,573 
4,580 
4,582 
6,448 
6,791 
7,793 


6,861 


7,603: 
2,417 ,608- 


2,421, 145- 


2,570 


2 ,422,,212- 
2,235: 


2,298 


2,350: 
2,375- 
2,406: 
2,567: 
2,597: 
2,606- 
2,627: 
2,689: 


2,943 
3,027 


3 ,050- 
3,109- 
3,139- 


3,295 
3,361 


3,386- 
3,430- 
3,439- 
3,475- 
3,505- 
3,649. 


3,701 


2,423,848: 


* 


oODOODODOO OO 


857 
307 
300 


955 
-978 


039 
972 
-732 
622 
607 
628 
008 
002 
989 
795 
731 
-969 
-670 
796 
602 
643 
-013 
831 
790 
786 
696 
657 
641 
990 
-961 
619 


Phase 


288 -3 
297-3 
624-3 
631-3 
633-3 
599-3 
942-3 
24-3 


51-8 
793-7 
798-7 


496-4 
3-4 
602-4 
626-4 
689-1 
741-0 
766-0 
797-0 
957-4 

27-4 

37-4 

58-2 


* The decimal of a day assumed. 


+15- 
14- 
10: 
12- 
ile 
Q- 
22: 
27° 


26: 
16- 
15- 


15- 
22- 


ANOBN DNDN HEAHAOCONROCOWHAH SH OH 


Velocity 


2 


Onno 


ee) 


O-C 


+l i t+ 


NoocorrK Orr OCOocoorocoor 


ee Leber | pera 


ll 
NR 


1++1+ 
oooo°c Ww 


The period, as stated above, was 960 days and the phases in the table are reckoned 


from the periastron passage finally adopted, namely, J.D. 2,414,889 - 565. 


The observations were grouped according to phase into normal places, generally two 
observations to a place, and preliminary elements determined graphically. 
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NORMAL PLACES 


Mean Phase Residual O-C 
- Mean Vel. Wt. 

Prel. Final Prel. Final 

LU SORE aOR. 5 ee oe ee 344-4 346-2 +13-15 2 +1-07 + -59 
2 pie ovo. > og Pes Re a eae ne 467-8 469-6 9-80 2 + -10 — +38 
A MRE RP < Sle He ct Py ET we bs ED 9 Sack 538-2 540-0 8-80 1 — -07 — -50 
Zils da Re Sa ee ee Re Pe 584-4 586-2 § 40 1 — -14 — -51 
‘Deas uces CCIE (SAS En a 689-4 691-2 8-73 34 + -15 + -O1 
ios 3.6 Sines nice to eee eee ee 783-3 785-1 10:77 3 + -45 + -67 
Os ies Oe OE eC ce a ee 847-7 849-5 12-47 3 —1-07 = +58 
‘Da o.3 SE Rac trees OO Cr nS Sortie fete eee 922-2 924-0 20-40 2 — -23 + -21 
dc SR LGR RUSS A eee See. tee 955-6 957-4 23-60 1 — -16 + -04 
LAs a tas SR an Sh eee en or 30-6 32-4 25-10 2 — -09 — -03 
[ET hg BS ea Se Tn ere eee ee Ae ae 56-4 58-2 25-00 1 + -20 + -23 
eee hcih kc ERN RI Se eS ee ter As 118-4 120-2 21-20 Z — -3l1 — -38 
ISS, SAS Sci a SIOiike os 0S Ok eS Does ea 170-6 172-4 +19-20 1 + -70 + -48 


PRELIMINARY ELEMENTS 


960 days 

-380 

330° 

+14-04 km. 
8-4 km. 

= J.D. 2,414,891-4 


Pe es Send 
I 


With these preliminary elements a set of observation equations was built up in the 
usual way and normal equations derived therefrom to obtain corrections to the prelim- 
inary values. The observation and normal equations, after the following transformations 
have been made, are as follows. 


oY 

6K 

K.6ée 

K.dw 
0.06947 6T 


agen» 
ll 


ll 


84257—1} 
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OBSERVATION EQUATIONS FOR 5 TAURL 


Teper Ree ee ait fen eh hes Neat 1-000x — -238y + -1682 + -637u + -358v —1-07 = 0 
SF ian $8 ere cgi ence ral Pees ear ered SSCS 1-000 — -617 <= -827 = +343 ©= 205 = «16 
Ley «Sian t I 2” eeaeaeey rae ae 1:000 — -615 + -983 + -1389 + -130 +--07 
CU ns cl een ee ee eee 1-000 — -654 + -984 — -006 + -076 as 
Rains a peated Fads. pees, | 1-000 — -649 + -584 — -400 — -108 — -16 
CMR in MEER ot hn. ee hanes {1-000 “—0 448 = 484 = [826m = 478 — +45 
Fee Mee eae Chote ee a een: eee 1-000" = +059" 1-323) 3-112) = +1-07 
Se See eh hen oe ee eee 1:000 + -785 — -444 —1-080 —1-549 + .23 
en at ais ee ae ee) ee ee 1-000 -+1-157 + +754 — -751 —1-066 + -16 
Le tL Bee te De be Meese {000° -+41-898 “= «020 9 — odie = -091 + -09 
Cia, Meeeseley (UN, Sa aaa Ua Cae Se 1-000” -+1:281 + -269 + -116 4+ -481 = 729 
TO ee AN ke aye tae 1-000 + +890 —1-091 + -638 + -874 ee 
fit ey eee es ee ae | eh. cn 1-000 + -532 -—1-178 + -789 + -760 = 279 
NorMaut EQUATIONS 
24-500x +2-429y — -637z —6-3383u —4-876v — -275 = 0 
13-128 —2-279 — -029 — -781 +1-926 


16-897 +8-238 +2-814 —4:-107 
11-846 +11-288 | —4-507 
12-457 —4-322 


From these there resulted small corrections to the elements as follows: 


by = +-14km. 
6K = —-15 km, 

de = +-017 

dio = —3°-68 

6T = —1-835 days 


FINAL ELEMENTS 


= 960 days 

= -397 +0-016 

= 326°-32 +2°.99 

= +14-18km. +0-11 km. 
= §8:25km. +0-15 km. 

= J.D. 2,414,889-565 +5-87 
asint = 99,955,000 km. 


Sah. fae 
| 


The sum of the squares of the residuals for the normal places was reduced from 
7-32 to 4-47 and satisfactory agreement existed between equation and ephemeris resid- 
uals, the differences all being under -03 km. 


In our absolute magnitude work we find a value for this star of +1-5 corresponding 
to a parallax of ’’-028 
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The accompanying curve represents the final elements and shows the observations 
as grouped. 


Radial Velocity Curve of 5 Tauri. 


Dominion Astrophysical Observatory, 
Victoria, B.C., June 30, 1924. 
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ZETA AURIGAE 


BY W. E. HARPER 


ABSTRACT 


The star zeta Aurigae, 44 55-5" + 40 56’, has a composite spectrum consisting of one of K-type overlying 
one of much “earlier” type, giving a “washed out” appearance to the spectrum. On one plate, taken when the 
main star was nearest the sun, the absorption lines are, however, decidedly more intense than usual. The orbital 
elements are determined from a series of plates made at Victoria. The period is 973 days, the eccentricity -411. 
The probable error of a plate is +1-0k.m. per sec. 


This star (1900 a = 4" 55™-5, 5 = +40° 56’) was announced as a spectroscopic 
binary by Dr. Campbell, of the Lick Observatory, in December 1908, from seven plates 


‘taken during the years 1898 to 1908. The first five plates showed practically a constant 


velocity, but the sixth and seventh, being about 19 km. different to the others, showed 
unmistakably that the radial velocity was variable. At Harvard College Observatory 
Miss Maury had previously classified the spectrum as peculiar, and in view of this 
feature her description of its spectrum will be given in part. ‘‘The star is one of the 
most beautiful examples of composite spectra found among stars not known to be double. 
The spectrum predominant in the blue is of Group XV (K-type), agreeing with a Bootis 
(KO) except in the hydrogen lines H8 and Hy, which are far too strong for the group. 
The spectrum predominant in the violet and ultra-violet appears to be of the Orion type 
and may probably be classed in Group V (B5). The remaining lines of the hydrogen 
series from epsilon to nu have the great intensity characteristics of stars of the later 
Orion type or earlier first type, while that of the line Hé is but little reduced. The band 
K appears merely as an inconspicuous haze, or in the best plate as a more distinct but 
narrow line. In the region having wave length shorter than 44000, solar lines are few 
compared with the number found in normal stars of the second type . . . The Orion 
line \4026-4 is present.’ 

In general, our spectra, also of one-prism dispersion, agree with this description, 
though \3850 is about the limit recorded and nothing definite can be stated regarding 
the last members of the hydrogen series. The spectrum gives the appearance of a 
K-type over which is superposed one of nearly a continuous nature and thus has the 
appearance of being ‘‘washed out”’ or having absorption lines broad and decidedly lacking 
in contrast. The measures have been made on the spectrocomparator using a Bootis 
2702 (KO) as the standard and as the measuring proceeded it was felt that an error of 
considerable magnitude would be found to exist in the measures as the spectra, from 
what has just been said, were not exactly matched. However, by taking care to have 
the magnification equal and using longer stretches of spectrum than usually held in view 


for each region it was possible to wipe out local regional differences, and it was very 
34244 
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satisfactory to find, when the orbit had been completed, that the probable error of a plate 
was only +1-0km. per sec. While the measures depend upon direct comparison with 
a standard plate, micrometer measures were also made on several plates, more particu- 
larly to see if the helium lines \\4471 and 4026 were present. A broad line is present 
at 4471-6 and measures of it agree in velocity with that of the plate in general. It 
is very faint and washy and moreover is matched in position by a line in an ordinary 
K5 spectrum, so that one could not state definitely that it is due to helium. While 
Miss Maury states that \4026-4 is present, measures on several plates here fail to confirm 
this. There are two lines near its position, the one of shorter wave length being quite 
strong, whilst the other is faint. If either is due to helium \4026 and they belong to the 
other spectrum, there should be varying differences of velocity given by them with respect 
to the K-type spectrum. The difference is found to be constant and values of the wave- 
lengths of about 4024-9 and 4027-0 would cause them to agree quite well with the 
other lines of the K-type spectrum. These lines again are seen to be present in an ordinary 
K5 spectrum, so it would seem, then, that the evidence is against the presence of helium 
4026. 

But what appears most striking of all in our spectra is the evidence of change. 
While the “washed-out” appearance is characteristic of nearly all the spectra, yet there 
is one plate, number 9678, taken at the time when the K-type star is nearest to the sun, 
which is markedly different to the others in that its absorption lines are particularly 
intense. The reproduction of this spectrum with one of the least “washed out” of the 
others will suffice to indicate the decided change. According to the elements here 
determined the K-type star is nearly, though not quite, in the line of sight. If it were, 
then the eclipse of the B-type by the K-type would explain the character of the spectrum. 
The probability in an orbit of the magnitude here determined of such an eclipse is, of 
course, very small. The graph of the orbit shows the position of the star at A when the 
K-type absorption lines are of such marked intensity. 


Orbit of ¢ Aurigae showing position of star 1924 January 18 
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Observations of the star were made by Kustner at Bonn with a single-prism in 
1910, 1911 and 1913, his four plates covering nearly the whole range found in the star. 
At Mount Wilson also, three plates were made in 1916, 1917 and 1918. The writer 
started to take spectra of the star, with a view to the determination of its orbit, in 1917, 
while at Ottawa. Lighteen spectra were secured with the single-prism during 1917, 
1918 and January 1919. These were measured on the micrometer engine and it was 
found somewhat difficult to choose lines giving good internal agreement for the plate. 
While these results show the general trend of the curve, yet the range is less than found 
here. Whether this is due to real variation of range at different epochs or whether the 
lack of complete agreement is due to the less satisfactory system of measurement used 
in the first case cannot be stated, but in any event it was deemed advisable for the sake 
of homogeneity to use the Victoria plates exclusively in the orbital determination. For 
sake of completeness a table of the observations at other observatories is given. The 
period suggested by the Victoria observations is 975 days. This been changed to 973 
days as a compromise for all the observations and is uncertain to the extent of a day 
or two. The Lick observations might be somewhat improved by a lower value. 


MEASURES OF BOSS 1190 AT OTHER OBSERVATORIES 


Observatory Date Julian Day Velocity 
JFrE) LI Dey SA rel, ae! At IER ae oes oli ge eal ee ee oar 1898 Dec. 4 2,414 ,628:9 Se 
1899 Dec. 3 4992-9 + 5-0 
1903 Dec. 29 6,478 -9 + 225 
1906 Sept. 30 7,484-9 + 3-2 

1907 Oct. 10 7,859 -9 + 4 

1908 Sept. 27 8,212-9 +25 

Oct. 26 | 2,418,241-9 +20- 
Gun eee ey errs Lien bine oe eects | dots danabe ee 1911 Feb. 10 | 2,419,078-35 +41-0 
Feb. 13 9,081-34 +42-9 
1912 Mar. 9 9 ,471-27 + 1-0 
19138 Feb. 20 | 2,419,819-29 + 6:3 
Lb MAVTE OTE 6am ae ne a aera ee eer ey ed] (ee es Race 1916 Dec. 6 2,421, 204-895 +12-0 
1917 April 1 1,320-645 + 2-6 

1918 Jan. 21 | 2,421,615-802 =: 

Plate 
Number Lines 

OLGA WA Naar owner CeO Ga orem eas she 8286 1917 Sept. 6 | 2,421,478-805 16 + 8-8 
8315 Octal! 1, 503-736 ili + 5:8 
8320 a 9 1,511-721 15 + 1-3 
8330 ei) Toad nee 20 — 2-0 
8349 Nov. 12 1,545-691 16 + 6:9 
8361 Sobek 1,557 -684 12 ap Hed 
8374 Dec. 5 1,568 -640 11 a (oie 
8384 Bis ilis 1,578-468 9 + 3-4: 
8391 co 2G 1,589 -564 12 + 3:5 
8420 1918 Jan. 12 1,606-541 16 + 7-4 
8435 “29 1,623-488 | 18 + 5-2 
8452 Feb. 20 1,645 -540 15 + 3-5 
8675 Nov. 1 1,899 -660 17 +28-9 
8685 eee (| 1,925-645 18 +42-7 
8687 Dec. 6 1,934-714 12 +37-3 
8697 Soe 1,954-714 16 +86-5 
8700 1919 Jan. 21 1,980-621 8 +44-4 
8707 « 27 | 2,421,986-475 15 +32-4 
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VICTORIA MEASURES OF BOSS 1190 


Plate Date Julian Day Phase Velocity | Regions | Wt. O-C 
SOD ere erces twnoneere 1919 Sept. 22 2,422 224-024 290-55 + 9-6 1-23 1 —0-1 
SITHOA eee ena ates Octuand 2, 239-025 305-55 + 7-8 5-23 1 —0-6 
SOS Conner eee ers chor “Dec. 5 2 298-787 365-42 + 4-2 5-23 4 —1-0 
SAGO a ree ier ea 1920 Jan. 19 2,343-709 | 410-24 + 0:8: 11-23 4 —0:9 
BODE ore cae entecns iene = Feb. 9 2 364-593 431-12 — 2-9 1-23 1 —3-6 
SOU amie 28 aa Mar. 15 2 ,399-619 466-15 + 0-9 5-23 i +1-4 
UN DRS ec teen Coe on GeoRSS April 12 2 427-652 494-18 — 1-4 5-23 il —0-1 
AOD ay ape ieee ere sss Aug. 30 2,567 -024 633-55 — 3:0 9-23 1 +1-2 
SBA Dee sa cree ie Bee ars Oct. 29 2 , 627-888 694-42 — 6:2 5-238 it —1-9 
OS Pera. serine ORE 1921 Feb. 3 2,724-714 791-24 — 1:8 1-23 1 —1-1 
CdSSae tint tee nite as Sept. 10 2,943 -990 37-52 +43 -5 1-23 1 +0-6 
GOSOR eee en ie 2 10) 2,963 -973 57-50 +39 -6 5-23 1 —1-7 
OSOSe ec eer iccesa ee Dec. 3 3 027-848 121-38 +31-7 5-23 i +1-0 
GOAA ee erases, ocbeanietess els 6 3,050-773 144-30 +29-1 5-23 4 +2-6 
TAS Aes Aes Epc rencpe eee 1922 Jan. 28 3, 083-579 iver ioe ak +24-5 10=238 4 +3-0 
TASH co bon cloatone ores Feb. 23 3,109-614 203-14 +19-7 1-23 1 +1-3 
WL SS Merete rau tetrctas. ace SBS 3,109-627 203-16 +18:-5 1-23 1 +0-1 
COOL OA iton Tt a Mar. 25 3,139-660 233-19 +13-9 3-23 1 —1-1 
ASS Reeds Rolex a nasens April 22 3,167 -660 261-19 = Od 5-23 1 —2-8 
SOLS Eee ron cae ae: Aug. 28 3, 295-994 389 +52 + 4-6 9+23 it +1-8 
So MU DY ts ae oes ee are 1923 Jan. 10 3, 430-760 524-29 — 1-2 5-23 it +0:9 
5 OMe cae Rik at Feb. 26 3,477 -686 5/122 — 2-9 5-23 1 +0:3 
OBA Die hte eke) ye koe Oct. 22 3,715-981 809-51 + 1-9 1-23 if +1-0 
Gs cas oe oa Dec. 7 3, 761-864 855-39 + 7-7 1—23 i 0-0 
OD Sie eeee ire a cet eters 1924 Jan. 18 3,803 -690 897 -22 +16-7 1-23 1 —0-6 
OT OS Ba Reroc ieee eas ove Mar, 3 3,848 -656 942-19 +382 -4 1-23 if +1-0 
PY erent) ROO Oe April 7 3,883 -653 4-18 +43°8 7-23 3 +3-0 
OSS Ome cette es oneal oe 4 2,423 ,890-668 11-20 +39 -6 1-23 1 —2-0 
NORMAL PLACES 
Mean Phase Residual O-—C 
==s — | Velocity Wt. |-—-——————————_— 
Prel. Final Prel. Final 

I) 5 READ Sao tory ACOA Nats Scone ge eae eae 543-56 547-75 — 2-05 2 +1-49 +1-17 

PAGE, A ake CRS OR CREE RCT ott) oe oa te Ee eae 659-80 663-99 — 4-60 2 +0-36 —0:04 

Nbc Gib'o ASD AS OMAR CAE nee Sen ee ere 796-18 800-37 + 0-05 2 —0-04 —0-48 

AIO A aR A eee ee note aces CRAP erin’ Ae 851-20 855-39 + 7-70 1 +0-53 —0-03 

As Alte: Santee rei A Se, CER a ne TR 893-03 | 897-22 416-70 1 40-24 | —0-58 

Cte es Sige Ree eh ae a Nou me 938 - 00 942-19 +32-40 1 +2-138 +0-96 

UL RSP pO Ie aE ya ER 4-67 8-86 +41-00 1} +0-36 —0:37 

Sete anette ai Pes ee aca ee Oe 33-33 37-52 +43-50 il +0-50 +0-61 

een sae Oe rho ps vastior Oa eee artes Aa ee 53-31 57-50 +39-60 1 —2-35 —1-71 
tL ORNS eircom reyes eros Macon: eerie Rank Me oe 117-19 121-38 +31-70 1 —0-28 +0:96 
Meter eee ode ties « arg cae Aor mene 156-52 160-71 +26:-80 I +1-43 42-53 
DAE Sid te Cee rere NaC ORS een ee re en 198-96 203-15 +19-10 2 —0-19 +0-67 
Teh A echeatote or AC ee ate ET Oneonta e 243-00 247-19 +11-55 2 —2-55 —1-96 
Aes Yahya Se ae reek ade cae eines tet 293-86 298-15 + 8-70 2 —0-91 —0-46 
LR oc AN ee tte cat 384-46 | 388-65 + 3-55 2 +0-60 | +0-63 
ine err eke er Go 459-63 | 463-82 = 1518 3 —0-39 | —0-56 
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Using the value of the period the observations were grouped according to phase 
into 16 normal places and preliminary elements graphically determined as follows: 


P = 973 days 

¢ = -40 

w = 330° 

K =..24-0 km: 

y =+10-69 km. 

T = J.D. 2,415,126-66 , 


With these there were built up sixteen observation equations connecting the five 
elements e, w, K, y and T with the residuals. The weights for each equation are those 
given in the corresponding number for the normal places. For the sake of homo- 
geneity the following transformations were made. 


xX = by 

y = 6K 

nia KO € 

u = K.éo 
v= 0-2-2013) 60 


OBSERVATION EQUATIONS FOR BOSS 1190 


Te Ok eT ees ae eG ee 1-000x — -598y + -9802 + -148u + -130v —1-490=0 
Lean ieee on I a Rien este 1-000 = Gh) te SI = ode i ee Oe) 
re Sh Ui ath a ill a lh SoD Oe 00M ts 44? 8 SOO 2-815, 2 eee er O) 
A Nd oe ae ee ce ey, Oe 150000) = te147 0 ie 1.208 e 1020 eee soe era) 
ae ee ee 1000), 9 941 on = 154749 1104 A dO 
I ee te a C000" SE eSiG"* = =aonr 1.068 take © eo 1s0 
PIR RG ee on ees Uh sy 1000 “41-248 -C -o6Ta— -6820 = —846 76 resco 
“ou ee a Beles ae eee ne ae TsO00 1.346 e859 8 190) ce Oh ee 500 
Ol on Se Sl ete gee eee Renn 120008 wei16 300) e287) 008. cd 74 ooh 
(OL, ao teen de ieee OI Aaah eerie T0000 Vie ekr =the Oa ee kan ee only 
em SEO eo hte ies 1-000 ME F612 ahn21 244. 0-0 764 770 VR e480 
“15k RASS ENS heer ae 1aOO! she G50 y-=—1-007) ck eS00l 646) Ebr. taG 
“ESS sud: shel We eg lai il age al nna nc 1000 = 214. 4 GAde 770. a Ob eo nO) 
“1 kat bl Sap a, ST ed SR 1-000 aaa 040) = Okay TO. S29 e4o5e eee O1t) 
‘ig 2S | Ve Se See en La000ser= 2822 9 + 492, 54d 8.2864 1-600 
Ti’ A wet eet seta Foote eigen, ere eg 1000. = «476-012. y= 286908 2) 205) 4 son 

The following normal equations resulted: 

25:500x + 2-386y — 33-0482 + 1-992u + -799v + -910 = 0 
10-890 — 2-084 — -592 — -825 + 2-172 = 0 
15-809 — 1-182 — -688 — 5-039 = 0 

11-390 +10:019 + 7-944 = 0 
10-203 + 8-088 = 0 
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These gave corrections as follow: 


sy = +0-04 km. 


6K = —0-22 km. 
de = +0-011 

dbo = +0°:13 

6 = —4-189 days 


and one solution gave satisfactory agreement between equation and ephemeris residuals, 
none exceeding 0:-1km. The sum of the squares of the residuals for the normal places 
was reduced from 33-5 to 26-0. 


The final values, then, of the elements, with their probable errors are the following: 
= 973 days 
e = -411 +-011 
@ = 330 13922 -04 
y = +10-73 km. + 0-21 km. 
K = 23-78 km. + 0-32 km. 
T = J.D. 2,415,122-471 + 4-454 days 
asin? = 294,300,000 km. 


ac) 


While the elements above are spoken of as final, it is only in the sense of their being 
the best for the Victoria observations. It is intended to continue observations here in 
succeeding years to see what changes occur. A trial was made with the three-prism 
instrument when the star was at the peak of the curve to see if the second spectrum, 
if any, could be separated from the main one, but the star had got so far west that the 
plate was not a success. Such three-prism spectra might well repay a detailed study. 
The explanation of the complex spectrum might be ascribed to a physical double, and 
in that case interferometer measures in the early autumn of 1925, when the star is at 
apastron, would be worth while. If binary, the separation then would be in the neigh- 
bourhood of -07 second of are. 


In the list of 1105 spectroscopic parallaxes, Volume III, No.1 of our Publications, 
no parallax is deduced from the absolute magnitude derived. Since then, in reviewing 
the plates, it has seemed that plate No. 9678, here reproduced, was worthy of being used 
in that connection. The absolute magnitude from about ten pairs of lines considering 


its type about K5, which it seems to be, would be —0-5 corresponding to a parallax of 
”.013. 


The value of the mass function from the final elements is 1-03 times the sun. As- 
suming 0-65 as the most probable value for the unknown sin*? in that function, and 
further assuming that the masses of the components are equal, we have a total mass 
of the system of 12-7 times that of the sun. If the spectrum which is mixed with the 
K-type belongs to the other member of the physical system, then, being of “earlier” type, 


its mass will be greater and the total mass of the system will be correspondingly in- 
creased. 
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The graph shows the final elements with the Victoria observations as grouped. The 
probable error of a plate is +1-0 km. per sec. The Lick and Bonn results give positive 
residuals, while Mount Wilson are slightly negative. 
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THE ORBIT OF THE SPECTROSCOPIC BINARY BOSS 1452 
BY W. E. HARPER 


ABSTRACT 


Twenty-five spectrograms of the star Boss 1452 with single-prism dispersion are made the basis of a determin- 
ation of the orbital elements. The measures depend for the most part on four lines, and the probable error of a 
plate is +3-1 km. per sec. The period is 2-93317 days, and eccentricity -030. 


The star Boss 1452 (1900 a = 5 46-0", 6 = +59° 52’, visual magnitude 5-26, 
type Al) was announced as a spectroscopic binary in the first list of 100 spectroscopic 
binaries issued from this observatory, Volume I, page 168. The spectrum contains 
fairly well defined lines of hydrogen, the calcium K, the magnesium 4481 and numerous 
metallic lines all of which are too faint and elusive to measure except \4549 and occasion- 
ally \4233. The results, then, rest for the most part upon the four lines \\4481, 4340, 
4101 and 3933. The probable error of a plate as based upon the residuals from the 
curve representing the final elements is +3-1 km. per sec. 

The period determined from the 1922 and 1923 observations taken in conjunction 
with the six obtained by Dr. J. S. Plaskett in 1918 and 1919 is 2-9331 days. The table 
of observations, normal places and preliminary elements follow: 

84245 
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OBSERVATIONS OF BOSS 1452 


: : Residual 
Plate Number Date Julian Date Phase Velocity | Lines 0-C 
HARE cig Retro oaceRLb Gi Doman Meco 1918 Dec. 10 | 2-421,938-924 0-604 +21-0 + 5-0 
HELD) eters re narevec ch a etets tovenetere msec t: 2 1,949 -892 2-773 +67-8 — 1-2 
VGA perch cyctotiice aeceines re sttevek et oe 1919 Feb. 1 1,991-758 0-641 + 6:2 — 3-7 
MSS meee eece ers eacoreua cease see enars es 2 1,992 -683 1-566 —76-4 — 0-1 
TAD ere tiara teehee Gen aicises. reretele ei 2,001-751 1-834 —60-1 — 2-4 
TAQGReeie os cicce ao a ROE ae eee se ali 2,001-759 1-842 —51-9 + 5-8 
SSO Deere Sartre spear puesto ree 1922 Nov. 2 3, 361-980 1-073 —62-9 5 — 9-1 
SSA Ores see siete ie sie Shey Pore tas Sell: 3,370 -907 1-200 —62-5 |, 4 + 3-8 
SAA TRGB ackeecatsraile hers eS sacs -8ell meh 3,386 -878 2-505 +31-8 4 — 8-9 
SHO DMararerr ancora rcearcueets 2 ort 1923 Jan. 19 3, 439-788 2-618 +66-9 1 +11-7 
SURI ean cua aeons eens sete: S28 3,448 -755 2-786 +74-0 u + 3-9 
SOA erate ten ceevaresosmhonaveociola ss cus ystiees Hl 3,451-718 2-815 +70-5 4 — 0-7 
SCO) Zimemee er ienestie) oie coerce 0% Bate Feb. 26 3477-743 2-442 +32:-0 6 + 0-4 
SOB perme eo ckeana iio avs eveteey ais Mar. 2 3, 481-728 0-561 +26-7 5 + 4-1 
SOGD are rete sesteieley et rere orehaee ss FAK 3,495-740 2-840 +75-5 5 + 2-8 
SOL Sieacvarersre yer arsine catersiy eis lg 3, 498-721 2-888 +69-4 5 — 4-6 
SG DO reteset rete sslera wroiserex scene ciation «24 3, 503-656 1-956 —39-1 5 + 4-7 
SS id epee ass Fev ais ere rots ee ore secehets S526 3 ,505-710 "1-077 —57-1 4 — 2:8 
SCOOR yin eie oars ste reieteoeuls orc} 3,509 -657 2-091 —26-5 + 6 — 2-2 
SiOlaaen er Serre Lal Sees csiaycne a oet si) 3,509 -698 2-132 —15:3 6 + 3-0 
STi Aeon ress asters tute se April 2 3, 512-639 2-140 —15-0 5 + 1-9 
SRG rece rateteverea sews ckovaisicks ao cele “« 9 3,519-694 0-395 +52-7 + + 6-4 
S80) (eran restetoe trie tere ni roraivin coors eS et) 3,519-705 0-406 +47-5 5 + 1-6 
SSOZ re a ore he, oho Gees te ae eee G 3, 533-073 2-642 +54-7 6 Si 
SEY Barre eyes aioli eos ote eves ieho-sio «27 | 2,423,537-697 0-799 —20-7 8 — 5-0 
NORMAL PLACES 
Mean Phase O-C Mean Phase O-C 
—————_———| Velo- | Wt. |—————______ —_—| Velo- | Wt 
Prel Final city Prel Final Prel Final city Prel. ; Final 
1 2-618 2-618 | +66-9 | 0-2 | +11-6 | +11-7 | 11 1-198 1-200 | —62-5 | 1-0 |+2-5] +3-8 
2 2-737 | 2-773 | +67-8 | 1:0 | + 0-8 | — 1-2] 12] 1-581] 1-566 | —76-4] 1-0 1-2-0 | 0-1 
3 2-801 2-800 | +72-2|} 2-0 | + 0-8] + 1-6] 13 1-804 1-838 | —56-0 | 2:0 |+3-2 ] +1-7 
4 2-865 2:864 | +72-4 | 2-0 — 1-6] — 0-9 | 14 1-958 1-956 | —39-1] 1:0 |+8-3 | +4-7 
5 -402 401 | +50-1 | 2:0 | + 5-8 | + 4-0 | 15 2-114 2-112 | —20-9 | 2-0 |—0-1 | +0-4 
6 -561 561 | +26-7] 1-0 | + 6-5] + 4-1] 16 2-141 2-140 | —15-0 | 1-0 |+1-6 | +1-9 
a -568 -604 | +21-0] 1:0 | + 1-9] + 5-0] 17 2°443 2-442 | +382-0| 0-5 |+0-6 | +0-4 
8 -606 -641 | + 6-2] 1-0 — 16:3 | — 3-7 || 18 2-504 2-505 | +31-:8 | 1:0 |—8-6 | —8-9 
9 1-071 1-073 | —62-9 | 1-0 — 9-3|] — 9-1] 19 2-644 2-642 | +54-7] 1-0 |—3-6 | —3-1 
10 1-079 | 1-077 | —57-1 | 1-0 | — 2:7 | — 2-8 | 20 802 -799 | —20-7 | 1:0 |—2-5 | —5-0 
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PRELIMINARY ELEMENTS 


P = 2-9331 days 

e = -05 

= 0° 

y- = —3-75 km. 

K = 75 km. 

T = J.D. 2,421,938-356 


Using these values as preliminary a set of twenty observation equations weighted as 
above was built up according to the Lehmann-Filhés method connecting the residuals 
_with the six elements of the orbit. The different years were kept separate, since the 
period was included in the solution. For the sake of homogeneity the following trans- 
formations were made. 


x by 

y = 6K 

y c= K.iée 

u = —K.éw 

v = —[4-87607] du 
Ww = [2.20756] 6T 


OBSERVATION EQUATIONS FOR BOSS 1452 


ics <4 CUA ee ee cara 1-000x + -787y + -0672 — -676u + -000Vv — -727w — 11-6=0 
2 AS rin, CE TER RTS ORE 1-000 + -944 — -588  — -448 + -729 — -489 0-8 
ee ed ihe Aa Ror ae eras 1 O00 Tl O02 Reece SOOM min 30 ett O0S sen OS OS 
Bee hpi iokcu ras kore Woie Leushsgchalodsiauche 1-000 R057 6-7-9470 162) — 010) 178i a6 
155.3 5 Sree AARC EROS Lane 1-000 + -641 — -325 + -807 + -069 + -856 — 5:8 
ier eiaicexnmi he esis ony oats WET) Se SSH) Seyi ee SRY oA Se ol felss a 
DEG ee acti BORG oe Ae eos WOOT ge 65 = oehy oe ayy losis) a EE ILO 
eee ee eee me erat om 1-000 + -224 — -954 + -985 -—1-452 +1-003 + 6:8 
Len Sante Coos bank aC Car eRe 1000 Sp — = 004 eee tas - OSOmet 00) sn OOM e000) umn Oo 
Les. ckede eS CAE CS ae Oe eee 10005 — "67555 9-1-8 069) G88) 042 8 Oe 630 lee 2d, 
11) Le as ol a OR ee 1-000 — -816 + -510 + -500 — -032 + -458 — 2:5 
ie a3 5 eee Ee Oe a 1-000 — -942 + -969 — -125 + -164 — -113 + 2:0 
NRE Eid sas pitsaic alee Side Duis 1-000 — -740 + -261 — -613 + -812 — -565 — 3-2 
112s SL Oe ROG Cer ee Oroe e eer: 1-000 — -516 — -342 — -824  — -050 — -779 — 3-3 
IG). ig SN Eo Ree, Boy near econ ee 1-000 — -227 — -840 — -961 — -065 — -934 + 0-1 
HOMME REN! Moker otecP-(eistorsteccie ty a < 1000) Y— -172, = -897 — -975 ~— -070 — )-954 —— 1-6 
Me SE cose he ois ters (ota foe's 1-000 + -468 — -670 — -:908 — -086 — -946 — 0-6 
Mele: ona ABE Sess © Dewan cent deeeerae 1-000 + -589 — -441 — -842 + -047 — -887 + 8:6 
NOPE fare Ciahe esas viccrsesin ts « 1-000) =-"-827 ~ => -190  — 629 — "064 -  — 679) 3-6 
PAU: 58 Ori O gaya CeO ROO nC Renee 1-000 — -192 — -876 + -:970 + -093 + -947 + 2:5 


Owing to the small value of the eccentricity and the consequent similarity of the 
coefficients of u and w (corresponding to w and T) it was necessary to consider T as 
fixed and to solve for the remaining elements. The normal equations were 


23-700x +3-048y —1-5302 —1-13lu — -503v + -080 = 0 
11-368 +1-800 — -319  —1-323 —3-177 
11-003 -—1-873 +3-684 +2-560 
12-581 —3-738 — -795 


6-251 —13-197 
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From these there resulted the following corrections: 


by = —O-11 km. 
6K = +1-02 km. 
de = — -020 
dio = —O0°-75 


sP = +-00007 days. 

The sum of the squares of the normal places was reduced about 12 per cent, dropping 
from 424-4 to 373-7. The final elements, with their probable errors, are given below, 
and a curve representing them and showing the individual observations accompanies 
the article. 

Finat ELEMENTS 


P = 2-93317 days +  -00003 days 
e = -030 + -016 

GO = 3507224 + 0°-81 

y = —3:-86km. + 0-71 km. 

K = 76-02 km. + 1-08 km. 
T= J 2421 938-356 


asint = 3,064,800 km. 


(ey, 
| BN if 
) 
0 O 
1-5 
Radial Velocity Curve of Boss 1452 Showing Individual Observations, 
Dominion Astrophysical Observatory, 


Victoria, B.C. 
July 7, 1924. 
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ORBIT OF THE SPECTROSCOPIC BINARY BOSS 6070 AND THE RADIAL 
VELOCITIES OF FIFTEEN STARS 


BY STANLEY SMITH 


I. OrBIT OF THE SPECTROSCOPIC BINARY Boss 6070 


The star Boss 6070 or H.R. 8960 (1900 a@=23" 32:6" 6=+16° 17’, visual magnitude 
6-2, type Ao) was announced to be a spectroscopic binary by Dr. J. S. Plaskett in the 
Publications of the Dominion Astrophysical Observatory, Vol. I, No. 10, 1920. The 
determination of the orbit of this star was undertaken by the writer as part of his pro- 
gramme at the Dominion Astrophysical Observatory during the months of June, July 
and August in 1924. With the kind co-operation of the Observatory staff thirty-four 
plates were obtained during this period. These together with the original four plates 
secured by Dr. Plaskett in 1918 led to the conclusion that the period was either 11-2298 
days or 11-2922 days. In order to choose between these two possible values of the period 
Mr. Harper kindly secured in October and December, 1924, some further plates which 
were measured at the University of Alberta on a comparator employing a Hilger Michelson 
Interferometer screw of pitch 1 mm. These plates decided in favour of the shorter period. 
The solution of the orbit is based on the observations from forty-one plates including the 
four plates of 1918. In the case of the latter the means of Dr. Plaskett’s and the writer’s 
measures were used. 

The following is the table of observations in which the phases are those given by the 
corrected period and periastron passage. 


1827—1 
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OBSERVATIONS OF BOSS 6070 


———— 


Plate Julian Number 
Number Date Date Phase of Lines Weight Velocity O-C 
OA eater aecens 1918 Nov. 24 2,421 922-665 5-722 10 2 —11-2 +3- 
OOS s.aee aie nee oc () 928-610 -437 8 2 —33-9 +2-5 
OAD aera eaters Dec. 15 943 «623 4-220 14 2 — 2-2 0 

LUST aces os ators y 29 957 -624 6-992 10 2 —31-4 +0-1 
TODAS Percents ae 1924 June 22 2 ,423,959-948 10-417 14 2 —50:-6 +0:°8 
MOUS eirrectcsiy ere <c 23 960 - 956 +195 9 2 —38:-9 +1-1 
POLO Qe cmatreccco rt oH 20 962-935 2-174 15 2 — 9-9 +0-9 
UWA Te Sacer tetas Gy 28 965-948 5-187 13 1 — 4.2 +4-4 
HOZZO Me ease ers es July 3 970-929 10-168 is i —55°5 —2-4 
O28 6 Femmes cess: < a 6 973 -940 1-949 18 2 bay OS +0-7 
O24 OOS van. eave wre ie 7 974-933 2-942 18 2 — 3-1 +0-6 
MO ZO S keretreo etary. S 8 975-930 3-939 17 2 — 2-1 —0-7 
IMO PACK Aorstacs Gece oe 11 978 «929 6-938 19 2 —30°9 —0-2 
LO2Z9S coatencot sa. £f 13 980-917 8-926 22 2 —54-7 —2-0 
CEU hoo noeoooe os 15 982-960 10-969 25 2 —47-0 —1-0 
MOBS ecient see 33 ile 984-935 1-714 22 2 —15:8 +0-9 
NOB 2 Careers ose se 20 987-919 4-698 19 2 — 8-7 —4.2 
LOSBS aoe eee < PAL 988 -927 5-706 21 2 —16-8 —2°6 
LOSA TR ers rhocnsa ees os 23 990-909 7-688 25 2 —39-9 +1-0 
MOB SE castes torso eros a3 24 991-952 8-731 23 2 —48-6 +2-9 
OSS a eame soda ss 30 997-898 3-448 24 2 — 2-1 —0-6 
1 Oe Cone nent Aug. 2 2,424 000-833 6-383 18 2 —22-7 +0-2 
NOAB IA Seakesee spon: cn 3 001-875 7-425 23 2 —40-2 —2:8 
NOSSO ee tecnac.cvase rs a 4 002-887 8-437 22 2 —50-2 —1-1 
NOS GAR Gera roars ee 5 003 -849 9-399 26 2 —53-6 +0-8 
NOLO ge ccearene oe 5 003-983 9-533 26 2 —55-4 —0-8 
MOA Seeecracean ee ec 6 004-930 10-480 20 2 —52-6 —1-7 
NOLO pee fete ora an sf 7 005-853 0-173 24 2 —40-2 +0-1 
TOL OR reins ees 9 007-865 2-185 25 2 —13-9 —3:-3 
OAR we ee eee oa) 008-858 3-178 22 2 — 0-6 +1-9 
NOASS id eee ahises s 11 009-853 4-173 lye 2 — 0:3 +1-6 
TOSUSi an ereirac. ea as 12 010-815 5-135 12 2 — 8-5 —0-4 
MOS0S Ecce ate © ee 12 010-981 5-301 12 2 —13-8 —4-1 
HOS2ZO Nee tatrate cake ce 20 018-984 2-074 19 2 —13-0 —1-1 
OD 45s reete stecrs: ayac s 26 024-903 7-993 23 2 —43-5 +1-1 
NOSSS ean 27 025-855 8-945 20 2 —51-4 +1-4 
NOB TAS Ry Renee or sf 30 028 -882 0-742 21 2 —32:°3 —0-5 
LOSSTceceee has ee se 31 029-829 1-689 13 it —20-6 —3-6 
NOUS seer tras Octryssil 090-772 6-483 15 1 —26:-1 —1-7 
OSD Meriye cree ior Dec. 22 142-711 2-274 7 il — 6:3 +3°3 
(uWOO3ter ee ee ee “ 23°| 2),424°143.669 3-232 16 1 — 3-7 —1-5 


In forming the normal places twelve pairs of observations were grouped. Of these, 
two pairs differed by four cycles each, two pairs by three cycles, two pairs by two cycles, 
five pairs by one cycle and one pair was taken on the same night. 
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NORMAL PLACES 


Mean Phase O-C 
-— Mean Weight 

Prel. Final Velocity Prel. Final 
SOS cad. Anite, UO aan Sina (eee eee 0-291 0-437 —33-9 2 +3-9 42-5 
SSS ARE, Ce NR te Me RRR ete 5 0-553 0-742 —32:°3 2 +1-2 —0:5 
SE Och RS 5 a oA ae eee ee 1-500 1-689 —20-6 1 —2-6 —3-6 
tae eas Pine eieter epee ae Nee ctiede wea wikis « 1-644 1-832 —14-3 3 +1°5 +0-7 
Ges Fe he.n SOR RN PER CMs & Aah ite a 1-941 2-130 —13-5 3 —1-7 —2°-3 
Rem eatee Ree eee AO a Ae ee lee 1-986 2-174 — 9-9 2 +1-3 +0-9 
Res AMA 5 Ree Nien As 3 ae ses 2-082 2-274 — 6:3 1 +3:-8 +3°3 
Rar Rais RNA Src ost als. 5 SOS. uA 2-754 2-942 — 3-1 2 +0-7 +0-6 
BoP A RENT wate SAT Sie ees eh 3-040 3-232 — 3-7 1 —1-5 —1-5 
Ree TMI, TER as Scat a a When sight vais « 3-124 3-318 — 1-4 3 +0-5 +0-5 
OS ac EEE 5 oa eM SO 3-867 4-056 — 1-2 3 +0-1 +0:°3 
Sa Meche ie aM a RNS aie Gree ae oye RRR ees 4.074 4-220 — 2-2 2 —0-2 0-0 
Rea. STON Rts 3 SR Rin ee, eee OM es 4-728 4-917 — 8-6 2 —2-9 —2-4 
re Se Se ey Se ha Cees as 4.999 5-187 — 4.2 1 +3-9 +4-4 
Lee Ue Sis es TR §-315 5-504 —15-3 2 —4-0 —3:-5 
EC ae SRE ces em eee ce Ee 5-576 5-722 —11-2 2 +3-1 +3-2 
erin ss geen ecicteeh oa tee ome 6-194 6-383 —22-7 2 —0-5 +0-2 
Beis Ren chats gees oS leds ee ade 6-293 6-483 —26-1 1 —2-5 —1-7 
Seep WeeUas Sh hss PS GPM Shoe oe Heine 6-750 6-988 —30-9 2 —0-9 —0-2 
ee a Gee eet + Ce als. cahevelt ove ars 6-845 6-992 —31-4 2 0-0 +0-1 
He SO a he ie i aa ere 7-368 7-557 —40-1 3 —1-4 —0-9 
 aoid ae co OU DO citer oo Saat 7-804 7-993 —43-5 2 +0-8 +1-1 
Pee Meo a tera as Oeics ass os 8-396 8-584 —49-9 3 +0:7 +0-9 
hs SS SO AAI ae OR Re EE 8-747 8-936 —53-1 3 +0-3 —0:3 
a Reet ae fue copa oe vie fa ecg opmeste ame oysitbci donee toh 9-277 9-466 —54-5 3 +1:-3 +0-1 
<5 Bidig SOROS S CIEE SIO O RRC CEE ECE RO OR ra 9-980 10-168 —55-5 1 —0-5 —2-4 
Soi ene Se co OE ORI OR Ee RON OT 10-260 10-449 —51-6 2 +1-7 —0-4 
35 SOBRE SAGE oD Cr OO aoe rer 10-781 10-969 —47-0 2 +1-2 —1-0 
2. Shia Be WO A REO OREO Ta een 11-226 0-184 —39-6 3 +2-7 +0-6 


The following preliminary elements formed the basis of the least-squares solution. 
P = 11-23 days 

ee AT; 

= 240° 

= J.D. 2,421,917 -089 

= 27-5 km. per sec. 

= —27-8 km. per sec. 
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OBSERVATION EQUATIONS 


I 


-000x 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 


ee ee a 


oy 
5K 
Kée 


— Kébw 
10,000 Kéu 
a —¢)"/ 


b++tt+++4+t+4+4+4+4+4+4+4411 


oo 
os 
tS) 

Met 

| 


-206 


e 


}+++4+++4++4+ 


ale a 


b++++++H44 1 


hat 
an 


+1542 — 
-177 
+993 
-020 
-985 
-969 
-926 
“3875 
-066 
-027 
-730 
-856 
-980 
-904 
-731 
533, 
+052 
-506 
+572 
-647 
-938 
-973 
-683 
+355 
+245 
+892 
-001 
-892 
-504 


b+++++tt+4+4+44¢4+4+4+4 11 


-985u 
-027 
-967 
-931 
-837 
821 
*785 
-481 
+335 
-290 
-105 
-212 
-518 
-627 
737 
*813 
-930 
-941 
-955 
-951 
-887 
‘777 
-553 
384 
093 
+320 
-478 
-739 
-908 


VICTORIA 


b++ttt+++4+4+44+4+444 1 


-00lv —1-0387w —3-9 
—1-079 


+228 
-207 
-192 
“173 
-165 
-170 
-090 
-063 
-050 
-029 
-001 
-106 
-125 
-146 
-000 
-184 
-194 
-189 
-004 
-181 
+166 
~ 122 
-089 
+030 
-061 
-096 
-158 
-199 


-981° 
+936 


— -825 


-806 


— -765 


| 


b++tt+++tt+4+4+4+44¢4 11 


-435 
-285 
-240 
-140 
+237 
-512 
-608 
-705 
773 
-883 
-893 
-916 
-915 
-873 
-786 
-589 
-431 
-142 
-297 
-472 
-764 


— -954 


=1 


+2: 
ae 
1: 
Ba he 


<) 


—o° 


AFOSONHEAANBDHUADW 


NUwWddHwHwIH ROS 


on 


0 


THE ORBIT OF ‘THE SPECTROSCOPIC BINARY BOss 6070 167 


NORMAL EQUATIONS 


61-000x + 2-474y + 6-3562 — -947u — -558v — -899w —23-400= 0 
+29:549 — -846 — 2-586 — -880 — 2-420 +18-690 
+382-996 + -118 — -018 + -176 + 8-154 


+31-262 +5-448 +381-195 +30-956 
+1-187 + 5-448 + 5-807 
+31-200 +31-187 


The solution of the normal equations resulted in the following corrections: 


dy = +-42 km. per sec. 


6K = —-80 km. per sec. 
de = —-013 
dw = —3°-62 
6P = — -00023 days 
6T = —-146 days 
and the corrected elements with their probable errors are: 
P= 711-2298 + -0003 days 
Ee = -037 o- - OPI 
a = 236° -38 +13°-80 
Ke=- 26-70 + +32 km. per sec. 
y =—27-38 + +22 km. per sec. 
T = J.D. 2,421,916-943 + -485 
a sin 7=4,120,200 km. 
m,? sin*t =20110 
(m-+-m1)° 


The probable error of a normal place of weight unity is +1-73 km./sec. and the 
probable error of a plate is +1-45 km./sec. The least-squares solution reduced Zpv” 
from 213-7 to 155-5. 

The final velocity curve with the normal places plotted as circles is given in the 
accompanying figure. 


Il. Tue RapiaL VELOcITIES OF FIFTEEN STARS 


The measurements of the radial velocities, as tabulated below, completed the writer’s 
programme during the months of June, July and August, 1924. In the case of four of 
these stars plates had previously been taken but had not been measured. The measures 
of these plates are included in the following table. Most of the spectra consist only of 
very diffuse lines of hydrogen, the K line of calcium and the 4481 line of magnesium. 
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H.R. 4816 
124 34-4™ 
+36 °31’ 


H.R. 5025 
135 14-5™ 
+35° 39’ 


¢ Virginis 
135 29-6™ 
—0° 05’ 


d\ BoGtis 
145 12-6 
+46° 33’ 


Boss 3692 
(brighter star) 
145 18.5™ 
+8° 54’ 


. Serpentis 
154 37-12 
+20° 00’ 


y Cor. Bor. 
155 38-5™ 
+-26° 37’ 


Date 
GeMeEr 


Quality 


Remarks 


Aop 1923 June 
“cc 


1924 July 
Aug. 


A5 1923 June 

5-96 - 
July 

1924 July 
Aug. 


A2 1924 June 
3-44. 


Ao 1924 June 

4-26 ee 

July 
it 


Aug. 
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Aug. 
oe 
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“744 
-719 
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“737 
-701 
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773 
-749 
679 


“741 
“749 
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658 
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-672 
660 
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Weak 


Good 
“ 
Weak 
Good 
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Good 
Fair 
Good 


Fair 
Weak 
Good 
Weak 
Good 


Good 


ics 


iT3 


A good spectrum with 
many fine lines. \\ 4077 
and 4215 very strong. 
d 4481 rather fuzzy. 


Lines in this spectrum 
rather diffuse. 


Very broad diffuse lines 
Hg, Hy, Hé and K. 


Very broad diffuse lines 
H@, Hy, Hé, He and K. 

Hy, Hé and K showed 
signs of doubling on 
one plate. 


Very broad diffuse lines 
Hf, Hy, Hé, He 4481 
and K. Hy showed 
signs of doubling on 
two plates and the K 
line may be double on 
one plate. 


Very broad diffuse lines 
He, Hy, Hs, He, 4481 
and K. 


Very broad diffuse lines 
of hydrogen also 4481 
and Kk. 
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Type Date Rad. Number 
Star Mag. G.M.T. Vel. of Lines | Quality 
p Herculis Ao 1924 June 16-856 —25-8 5 Good 
(brighter star) 4-52 eos ea) —21:3 5 : 
174 20-2m Jtilyan see —19-5 5 - 
+37° 14’ ay 11-792 —22-1 4 a 
—22-2+:-9 
p Herculis Ao 1924 June 23-854 —23-3 3 Good 
(fainter star) 5-47 “30-863 —20-0 5 2: 
174 20-2m July 7-733 —25-8 4 4 
+87° 14’ s 8-885 —22-0 4 § 
—22:7+1-1 
H.R. 6604 F5 1923 July 9-865 —38-2 16 Weak 
175 38-8™ 6-21 20-799 —42-7 ike re 
+14° 20’ 1924 July 8-840) —43-5 23 Good 
7 11-840 —49-2 20 So 
ce 30-855 —42-4 8 Weak 
Aug. 20-724 —44-3 12 Fair 
—43-4+1-0 
«, Lyrae s.p. A3 1924 June 16-894 —43-7 4 Good 
(brighter star) 5-06 s¢ 23-874 —31-8 4 < 
185 41m 
+39° 34’ 
e, Lyrae n.f. A3 1924 June 23-899 —33-0 9 Good 
(fainter star) 6-02 July 7-817 —36:1 5 ss 
18 41™ “ 11-887 —36:2 4 ue 
+39° 34’ 
—35-1+:-7 
e Lyrae n.p. A5 | 1924 July 30-814 —22-8 4 Good 
(brighter star) 5-14 Aug. 10-797 —34-1 4 Fair 
182 41-1™ cs 20-687 —18-1 4 Good 
+39° 30’ < 20-822 —30°-5 4 «e 
iO) —16-9 4 Fair 
227794 —23-0 4 Good 
“ 27-765 —32°-8 4 “ 
a 31-719 —33°9 4 & 
o 31-763 —26-5 4 cs 
—26-5+1-5 
e Lyrae s.f. A5 1924 July 7-802 —37-6 4 Good 
(fainter star) 5:37 sé 30-799 —26-2 4 s 
185 41-1™ Aug. 10-760 —40:8 3 ae 
+39° 30’ 33706 — 34-3 2 Weak 
a 20-803 —33:°3 2 Bs 
cc engi —26-7 e Fair 
« 22-819) —21-3 2 Weak 
“27-800 —28:-7 3 Fair 
=) 316739 —34-6 4 Good 
sts) Hay fe) —30-2 3 Weak 
—31-4+1-0 


Remarks 


Very broad diffuse line 
of hydrogen, also 4481 
and K. On two plates 
there are slight indica- 
tions of doubling in the 
case of 4481 and K. 

Very broad diffuse lines 
of hydrogen, also 4481 
and K. 


The lines are diffuse. 


Very broad lines hydro- 
gen and K. Announ- 
ced to be a binary by 
E. B. Frost, A.N. 177, 
p. 174, 1908. 

Very broad lines of hy- 
drogen, 4481 and K. 
W.S. Adams Ap. J., 
vol. 42, p. 181, gives 
Vo=—37-1. 


Very broad lines of hy- 
drogen, 4481 and K. 
On one plate there 
were very slight indic- 
ations of doubling in 
the case of Hy and 
4481. 


Very broad lines of hy- 
drogen and K. 
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Type Date Rad. Number 
Star Mag. G. M. T. Vel. of Lines | Quality Remarks 
1921 Aug. 8-996 + 4-4 10 Weak |A good spectrum with 
192 See. 6-957 — 7:6 11 Good strong fuzzy lines. 4077 
H.R. 8933 Ao | 1924 July 380-968 — 5:5 12 - very strong. Suspect- 
23 26-7m 6-23 Aug. 20-856 — 8-7 13 « ed binary. 
+27° 51’ 22932) —12-5 1163 Fair 
“31-899 —13-8 14 Good 
—8-3+1-5 


In conclusion the writer wishes to acknowledge the assistance and guidance of the 
Director and other members of the Observatory staff, who have furnished advice and 
offered suggestions from time to time. 
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THE ORBITS OF THE SPECTROSCOPIC COMPONENTS 
OF H. D. 216014 


BY J. A. PEARCE 


ABSTRACT 


This massive binary system was discovered by Dr. J. S. Plaskett upon examining the first plate, on which the 
spectra of both components appeared, with a large relative displacement. 

The spectrum is BOn, the diffuse character of the lines being reflected in the high probable error of an average 
plate, +7-34 km. 

The orbit was satisfactorily determined from 21 spectrograms, on 18 of which the secondary spectrum was 
measured. The principal elements are: P = 2-28754 days, e = 0-086, w = 289°-31, K; = 225-0 km., Ke = 
258-8 km., and the minimum masses are 14-23 and 12-37 times the sun. 

Eddington’s theoretical considerations indicate an absolute magnitude of —2-50, which is in agreement with 
the value of —2-67, derived by assigning probable values of surface brightness —3-75, and density 0-08 with respect 
to the sun. The corresponding parallax is 0/’-00095, a distance of 3,400 light years. 

‘The calcium lines are sharp and give a velocity of —26-28 +0-31km., while the velocity of the system is —23-10 
+1-70 km. 


INTRODUCTION 


The star H.D. 216014, 1900 R.A. 22 44™-2, Dec. +64° 32’, vis. mag. 6-83, spectral 
class BO, was discovered to be a binary by the Director upon examining the first plate. 
The lines were seen to be double and of wide separation, the relative velocity being 
approximately 400 kms. The investigation of this star of probable large mass was 
assigned to the writer who had recently joined the staff and commenced observing on 
the B-class programme. 

The first observations seemed to be satisfied by a period of 6-85 days, which combined 
with the unusually large amplitude, would make the system a very massive one. The 
sixth observation, however, demanded the submultiple 1/3 and the shorter period of 
2:2891 days was later adopted as the preliminary value. 


THE SPECTRUM 


The spectrum is classified in the Henry Draper Catalogue as B3, with the following 
remark: “The line Hf is not seen as a dark line, and is suspected to be bright.’”’ The 
type, however, is really BOn. Two of the simgle-lined plates were obtained when the 
stars were crossing the line of sight, the observed velocity being identical with that of 
the system. These show a fair spectrum, the lines of which are given in Table I. 
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TABLE I—THE SPECTRUM OF H.D. 216014—PLATE 11034 


—— 


I—Lines Measured for Rad. Vel. II—Lines Observed but not Measured 

Wavelength Int. Atom Wavelength Atom 
*4921-929 4 He 4676-246 Oxygen 
*4861-326 8 HB 4661-650 ss 

4713-1438 3 He 4649-148 “s 

4685 «74 4 He+ 4596-189 se 

4650-75 4 C++ 4590-983 es 

4574-737 il SilII 4437-549 Helium 

4567 -824 1 SillI 4416-974 Oxygen 

4552-611 1 SillI 4414-888 < 

4481 -230 9, Me+ 4349-435 | oo 
*4471-477 5 He 4319-647 < 
*4387 -928 4 He 4317-160 g 
*4340-467 10 Hy 4253-77 Sulphur 

4267-16 2 C+ 4168-97 Helium 
*4143-759 4 He 4119-222 Oxygen 
*4120-812 2 He 4072-156 e 

4116-104 2 SilV 4069-788 «blend 
*4101-738 9 Hé 

4088 -863 3 SilV 

4075-869 2 OIl I1J—Unknown Lines Measured 
*4026-189 5 He 2 

4009 - 267 2 He 4498-18 Mg+ (4428-00) 
*3970-075 8 He 4285-79 Ss (4285-138) 

3968-476 4 Ca+(H) 

3933 - 667 5 Ca+(K) 


Part I contains the lines measured for determining the radial velocity, together 
with their intensity and identification. Part II contains the weak lines observed but 
not measured. ‘Two faint unknown lines were measured for wavelength and are given 
in Part III. 4428-18 is very probably due to Mg+, 4427-995 although no traces of 
\A4433-991 or 4390-585 were observed. 4285-79 may possibly be 4285-13 which 
with 4253-77 are attributed to abnormal sulphur by Lockyer’. The absence of the 
Pickering series and of ionized nitrogen forbids a classification earlier than BO, while 
the presence of 44686 He-+ fixes the type definitely as BO. As in many BO-B1 stars 
many lines of oxygen occur, but here the lines are very weak and not suitable for measure- 
ment. The diffuse character of the lines is shown in the rather high probable error of 
an average plate, +7-34 km. Both components appear to have identical spectra, the 
asterisks in Table I denoting those lines measured as double in an average plate. The 
lines of calcium are strong, and compared with the nebulous nature of the other lines, 


are narrow admitting of accurate measurement, as is shown by the probable error of their 
mean velocity, +0-31 km. 


The suspected emission of Hf referred to in the quotation above is not confirmed, 
it appeared as a good absorption line on all the plates. 


1 The references are on page 178. 
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THE OBSERVATIONS 


Before the star became out of reach in the west, nineteen plates were secured with 
the I-prism spectrograph and IS camera, having a dispersion of 49 A per mm. at Hy. 
Two observations with the IM camera, dispersion 29A per mm. at Hy, are marked with 
an asterisk in Table II. The emulsion used throughout was Seed 30. The plates were 
measured on a Toepfer micrometer engine having a binocular eyepiece which was found 
to be more restful on the eyes than the ordinary single-ocular machine. Four of the 
plates were remeasured and the means accepted as the final values of the velocities. 
The measures were difficult, and somewhat uncertain, on account of the diffuse nature 
of the lines, but in general owing to the large relative velocity the two components were 
clearly separated. Had the amplitudes been about one-half their actual values, con- 
siderable difficulty would have been experienced in obtaining satisfactory measures, 
as separations of 150 km. would certainly have appeared as single lines. 


TABLE II—JOURNAL OF OBSERVATIONS—H.D. 216014 


Julian Phase Brighter Component Fainter Component . Calcium 
No.| Plate Date Prot 0 ee | __ 
2,424,000+ | 2,424,076) Vel. | Lines] Wt.{ (O-C) | Vel. | Lines} Wt.| (O-C) | Vel. ; Lines; (O-M) 


1 10891 078-8014 | 0-5139 |—210-9} 6] 3 | +12-8/+168-3) 6 | 1-2) —39-5)—31-5) K | —5-2 
2 10905 | 081-7243 1-1492 |+166-5) 4 1 | +18-6)/—222-8| 410-6) — 3-2),..... Finahate| acovend ere 
3 10917 | 092-6841 0-6713 |—181-8] 7] 2 | —18-0)+164-3} 7 | 1-2) +25-4)/—26-1) K, K) +0-2 
4 10920 | 098-7722 |} 2-1843 |— 95-0} 5 1 | +14-4)/+ 68-9) 6 | 0-6) — 7-4)—22-9) H, K) +3-4 
5 1097253 bh 0994/5009) 60-8 O0M |= 2ocO( Ui 2. Se 19) 55) cc leer oos'| ers scual| aeeener tos —28-4| H, K} —2-1 
6 10934 111-6459 1-3328 |+204-1} 10] 3] — 0-8|—290-0| 7 |} 2-0) — 5-0}—27-8):H, K) —1-5 
i, 10956 116-6446 1-7564 |+ 97-4, 101 3 | —10-4)—209-5| 9 | 1-2) —35-9)—29-0| H, K) —2-7 
8 10976 117-5972 | 0-4215 |—237-5) 11 3 | +:1-7/+232-2) 9 | 2-0) + 6-7}—29-2) H, K| —2-9 
9 10983 117-7715 | 0-5958 |—213-4; 10} 2 | —15-5}+209-9) 10 | 1-2) +31-9)—29-3 —3:0 
10 10993 119-5965 | 0-1832 |—228-4) 11 2 | —23-4)+205-4| 10 | 1-2) +19-5)/—30-0).H, K| —3-7 
ih 11012 127-6626 1-3367 |+206-9} 10] 3] + 1-6)—274-1) 9 | 2-0) +11-3)—27-4) K | —1-1 
*12 11029 128-6875 | 0-0741 |—196-0) 10] 3 | —11-3}+161-8) 9 | 2-0) — 1-2/—18-9) H, K} +7-4 
13 11034 138-6506" |) he Or S900H—9 26-0021.) HS — ESO ne 55 2 eit romillarere allie eraetare —27-9) K | —1-6 
14 11048 139 -6557 1-8921 |+ 69-2) 8 1 | +29-0}/— 90-2) 7 | 2-0} + 5-4)/—27-6) H, K} —1-3 
15 11063 141-6355 1-5844 |+172-2) 7] 3] — 4-2/—239-2} 8 | 2-0) +13-2/—23.3). K | +3-0 
16 11083 142-7625 One DRE orient) Co || eh eae Sova Paley oe 7400) | a Rerctells Geog Sila wo cn|lomomod 
dilvt 11091 143 -6048 1-2661 |+191-6} 8 | 3] — 0-6|—273-9} 8 | 2-0] — 3-3/—18-6) K | +7-7 
18 11114 144-6439 | 0-0177 |—164-8} 7] 2] — 1-4/+181-6) 7 | 0-6} +43-2/—36-1) K | —9-8 
19 11130 155-1264 | 0-8500 |— 52-5} 5 DA ace AKG /l re ecard. | twoicrenG| [ono] [So cnco aio looencicias| oto. 0 Ol ko centre 
20 11130a| 159-1048 | 0-2534 |—236-4 5 { i | — 4-2|4+244-0] 5 | 0-6) +26-4|—17-0] H, K| +9-3 
0.3699 207-7 11 | 3 | +13-7/+214-2] 10 | 2-0} —14-0}/—20-6) H, K| +5-7 


21 11143 166-0840 | 


* IM Plates. 


The columns of Table II are self-explanatory, but it should be noted that the Julian 
days of the last three observations are expressed in the “new style’, i.e., beginning at 
Greenwich Civil Noon, and therefore a correction of 0-5000 of a day must be subtracted 
from the given times in order to harmonize them with the earlier observations. 
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THe Spectrroscoric ORBIT 

The secondary spectrum was measured on eighteen of the twenty-one plates, so 
that the elements were determined from thirty-nine observations. Preliminary values 
of the elements were obtained by a graphical method in use at the observatory. It 
was decided to employ the Lehmann-Filhés method of correcting the elements and to 
include a correction for a period as the observations only extended over thirty-eight 
eycles. Mention should be made of the system of weighting adopted as this is very 
important when large residuals are concerned. The weights assigned depend upon the 
number of lines measured, the character of the exposure of the plate and the factor 0-6 
which expresses the degree of precision of the fainter measures with respect to those of 
the brighter component. The sum of the weights is 74-4, of which 26-4, or 35 per cent, 
is due to the secondary. The resulting probable errors of the brighter and fainter com- 
ponents were +7-34 and +12-57 km. 


TABLE III—OBSERVATION EQUATIONS—H.D. 216014 


Primary 
hee 1 fe ay —-1538x} —-153y| —17-3122) — 1-1 =0 
(re 3 1- see —-106 | —-095 | — 6-330} + 1-9 
TD, gexsia 3 1- +1: —-052 | —-0382 } — 1-652] + 1-1 
Gas ciacat 3 1- +1: —-O47 | —-027} — -937 + 4-7 
i ere 3 1- +: +-093 | +-109 |} + 7-045} + 6-1 
{ Pore 3 1- +: +-169 | +-166 } + 6-584 + 6-7 
eee 1 1- ~ +-195 | +-181 | 411-345 —23-5 
eee 1 1- - +-ISO ; +- + 3-591 —18-9 
[Seer 2 1- +-156 | +- + 9-917 | +11-9 
PA: a 3 1- +-132 | +-1: + 6-672 +16-9 
1032... 4. 2 1- +-106 | +- + 4-5 +28-0 
20s... 1 1- +-061 | +- + 5-953 +12-1 
21555. 0G. 3 1- —-001 | +- + 1-695 —11}-4 
IGS. 2 3 1- —-2} -- — }-288 — 3-8 
Sh oe 3 1- —-051 — 1-18 — 0-6 
eee ae 3 1- —-122 — +195 — §-2 
G22. - ca 2 1- —-155 — 5-806} +16-6 
Si ascm as 2 1- — -200 — 3-146) +29-0 
i) heer 1 1- —-241 —18- —11-1 
SF bnetars 3 1- — +247 —16- + 0-3 
CF ae e 2 1- — +247 . 3 
Secondary 
teas hes 0-6 1- + .176 + .840 4 
y fe aa salp 1- +. 422 + 3.272 8 
i sins wae a. : + .059 + 1-875 6 
oe + .054 + 4-077 6 
Bale tae — -107 — §.004 4 
Vise Se 1-2 1- —-104 = bee +45.2 
LES ABS 2-0 [- — - 224 —13-084 = > 
Be eee ok a - — +207 — 4-125 +17-2 
Fares ee os —-179 —11-304 | —50-5 
eenss Hh - — -152 — 7-665 | + 0-8 
agit ae 2 —-12T — §.337 i —19.9 
oy Pe ip és — -07 — 6-S40 —31-0 
 enaiies & 5 ial we Get pare pee ees 
ee ae “" +-048 +-022 | + 1-480 +13-4 
eee 3} 1- Hibpedl Biltesd! giteny Preis: - 
eras. ean ae Lawl onl cn 
ae iat: HES Be eesd Beant) ions - 
+-229 | +-230 | + 3-614 —33-5 
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The symbols in the thirty-nine observations equations given in Table III and in 
the normal equations have the following significance: 


t = by x = —1000 bw 
= 6K, y = 1000 5T.p 
= 5K, (1—e’)” 
w = 1000 6e z = —1000 bu 
(L—¢)’? 
The observation equations give rise to the following normal equations: 
+74-400t — 6-027u+ 2-493v— -210w —1-629x —1-625y — 68-8672 + 18-186=0 
+29-616 + -202 — -0138 + -072 + -027 — 19-512 — 37-523 
+18-648 — -O11 + -156 + -116 — 4-719 — 23-123 
+2:075 + -266 + -296 + 6-930 + 11-804 
+1-:337 +1-299 + 58-067 — 9-901 
+ -028 + 1-417 — 2-067 
+614-946 +1167-704 
These yielded the following values of the unknowns: 
t = — 2-1876 whence by = —2-19 +1-70 km. 
u = + 0-0018 6K, = 0-00 +2-66 km. 
vy = + 06-3231 dK, = +0-32 +3-33 km. 
w = — 13-9441 de = —0-014 +0-007. 
x = — 75-2245 dow = +4°-31 +4°-80 
y = +169-9290 6T = +0-06098 +0-03252 days 
z = — 1-8989 6P = —0-00156 +0-00047 days 


In order to see whether the inclusion of the less certain measures of the fainter com- 
ponent materially contributed in defining the elements, or whether they produced a 
detrimental effect, a second solution was carried out for the brighter component only. 
Using the same symbols as before (v omitted of course) we have the six normal equations: 


+48-000t — 6-027u + -51lw —1-460x —1-162y — 17-682z +207-200 = 0 
+29-347 + -068 + -021 + -013 — 16-154 — 26-238 - 
+1-175 + -2645 + -278 + 9-896 + 2-880 
e896 Sf +827 03822208 —) 92254 
+ -015 + -588 — 1-660 
+411-686 +490-440 
These resulted in: 
t = — 3-9490 whence S5y = —3-95 +2-13 km. 
u = + 0-2571 6K, = +0-26 +2-41 km. 
w = — 6-6601 de = —0-007 +0-012 
x = —102-0932 bw = +5°-84 +6°-09 
y = 4157-33 éT = +0-05646 +0-03899 days 
z = — 1-1913 5P = —0-00098 +0-00052 days 


K, with its probable error was found to be 


dK, 


+0-92 


+3-47 km. 
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Applying these corrections to the preliminary elements we obtain the final ones 
given in Table IV. 


TABLE IV—ELEMENTS OF THE ORBIT—H.D. 216014 


Preliminary 1st Solution 2nd Solution 
Both Components Brighter Component only 
Period ia.oss one eee P 2-2891 days 2-28754 | +0-00047 days 2-28812 | +0-00052days 
Hecentricityaneer ae eek e 0-10 0-086 +0-007 0-093 +0-012 
Longitude of periastron...}| @,; 285-0 289-31 +4-890 290-84 +6-09 
se SS ..| @ 105-0 109-31 +4-80 110-84 +6-09 
Semi-amplitude of pri- 

MAT Virose eheiees athe to ene 1G PPA. aaa 225-0 +2-66 km. 225-26 +2-41 km. 
Semi-amplitude of secon- 

Oanvrrccemk. es a ot eee K2 258-5 km. 258-8 +3-33 km. 259-42 +3-47 km 
Periastron passage........ T J.D.2,424,076-940 | —4077-0010 +0-0325 — 4076-9965 +0-0389 
Velocity of the system....| Y —20-82 km. —23-10 +1-70 km. —24-79 +2-13 km. 
Velocity of calcium....... Ca+—26-28 km. — 26-28 +0-31 km. —26-28 +0-31 km 


The elements of solution II differ little from those of solution I, but they are defined 
with much greater precision by the first solution, and so the inclusion of the fainter 
measures was justifiable, as we would expect from theory. We are here, however, 
dealing with diffuse lines and not with well-defined ones, and it is questionable whether 
in this case the solution would have been improved had the factor of precision been, 
perhaps, 0-4. 


The elements of solution I are therefore considered as the elements of the orbit, and 
they were used in computing the ephemeris for the velocity curve. Pvv was reduced 
from 17958-82 to 14398-54, or by 20 per cent. The probable error of an observation 
of weight unity is +14-3 km., and of a single plate is +7-34 km. 


Tue Mass or THE System 


The projected semi-axis major and the minimum masses computed from the elements 


are: 
(a, + a2) sin? = 15,162,000 km. = 22 solar radii. 
my, sin? 7% = 14-23 © 
My sin? + = 12:37 © 


(my, +- Mz) sin® 7 => 26-60 © 


But these minimum masses must be divided by sin*i, the average value of which 


is 0-65, so that the actual masses may be considerably larger. The system is among the 
six most massive systems thus far determined. 
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Tue Assotute MAGNITUDE 


In attempting to compute the absolute magnitude and thus determine the distance, 
we shall take the minimum mass and assign conservative values for this type of star. 
Adopting for the surface brightness 7 = —3-75, a mean between the values of Russell? 
and Hertzsprung*, and a temperature of 20000°, which is below the estimates of Russell® 
and Fowler and Milne®, and a density p = 0-08, given by Seares’ for a BO giant of mass 
ten times the sun, we have by the luminosity method M = —2-67. Reducing the bolo- 
metric absolute magnitude as given by Eddington’ to the visual absolute magnitude we 
find for these conditions M = —2-50. Combining the mean M = —2-58 with the 
apparent magnitude m = 7-53 the resulting parallax is 0’’-00095, over 1050 parsecs or 
more than 3400 light years. : 

The theoretical diameter as computed by the formulae of Russell? or Seares!® is 
0’’-000048, which when combined with the linear diameter of 5-400, 4,667,000 miles, 
gives the same parallax. 

The adoption of higher values of the surface brightness, lower density and of the 
possible mass of 21-9 © for the brighter component, corresponding to the average value 
of the inclination would, of course, place the system at a greater distance. Indeed, the 
density is very probably lower than 0-08, since the ratio of the radiation pressure of 
gravitational pull (1-8) is approximately 0-617°. It is sufficient, however, to establish 
by using the minimum mass and the conservative assumptions above, that the parallax 
cannot exceed 0’’-00095, which makes the minimum distance 3400 light years. 


Tue VELOCITY OF CALCIUM 

In contradistinction to the diffuse hydrogen and helium lines the H and K lines 
of ionized calcium are strong and sharp, giving a constant velocity of —26-28 +0-31 km. 
This value is very close to that found for the velocity of the system, —23-10 +1-70 km., 
and raises the question as to the location of the calcium vapour. In the case of this 
massive binary of short period, it is reasonable to expect that the lines, if due to a calcium 
envelope enshrouding the pair of stars, should exhibit a measurable oscillation, on account 
of the very high rotational velocity, whereas no such oscillation was observed. If con- 
sidered as an interstellar cloud in space, quite apart from the spectroscopic binary, the 
observations indicate that this vapour has a velocity of approach of 15 km. per sec., 
as the component of the solar motion in this direction is —11-40 km. only. Differences 
of this order and even greater, between the velocity of calcium and the component of 
the solar motion, do not appear to be unusual among the O-and B-type stars, ashas been 
shown by Dr. Plaskett “, Young and others”, so that this view is quite plausible. 

An alternative explanation is to place the calcium cloud within the star’s gravi- 
tational domain, at a distance of 40 to 50 astronomical units say. It would then hardly 
be expected to show the motions of the rotating binary, and the resulting lines would 
be stationary, possessing approximately the velocity of the system. This alternative 
location for the ionized calcium is not inconsistent with the well established hypothesis 
of Dr. Plaskett!! in regard to stationary clouds of calcium and sodium vapour. 
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0-0=J.D. 2424076-0 


Velocity curves of H.D. 216014 


The observations are shown in the graph as circles of radius 7 km., the round dots 
represent the velocities of the H and K lines, the dotted line is the ealcium axis, while 
the y axis is shown by the broken line. 


Dominion Astrophysical Observatory, 
Victoria, B.C, 
April, 1925. 
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THE ORBITS OF TWO DOUBLE-LINED B-TYPE BINARIES 


BY J. S. PLASKETT 


Abstract—The two B-type binaries discussed in this publication were discovered here in the course of the 
investigation of B-type stars. The first one ¢ Coronae Borealis of type B8 has a period of 12-585 days, eccentricity 
of 0-03 and semi-amplitudes of 134-8 and 137-7 km. The masses of the two components are 13-35 and 13-06 times 
the sun respectively, unusually high for B8. By two independent methods the absolute magnitude is —3-2 and the 
parallax 0’’-0016, a distance of about 2,000 light years. The second binary H.D. 25833 is of type B3, has a period 
of 2-02858 days, eccentricity of 0-0512, and semi-amphtudes of 164-97 and 187-32 km. corresponding to minimum 
masses 4-86 and 4-29 times the sun. By similar methods to the above the absolute magnitude is —1-5 corresponding 
to a parallax of 0’’-00166, nearly 2,000 light years. The distances of both these stars, and these are minimum values, 
are greater than generally accepted for the B’s. 


INTRODUCTION 

In a programme for the determination of the radial velocities of all the B-type stars 
brighter than 7-5 visual magnitude and north of declination —10°, recently undertaken 
by Mr. J. A. Pearce and the writer, it is inevitable that many stars of varying radial 
velocity, probably one-fourth of the number observed, will be encountered. For those 
spectroscopic binaries which are of small range of velocity, it is our plan to obtain six 
or eight plates at fairly uniformly spaced intervals and accept their mean velocity as the 
approximate velocity of the system. For any of special interest and for those of large 
range, particularly where both components are visible, we propose to determine the 
orbits whenever the lines are even moderately well measurable. The two orbits following 
are of double lined B-type spectra and Mr. Pearce is publishing a third simultaneously. 


THE ORBIT OF (2. CORONAE BOREALIS 


It seems curious that the binary character of this star, H.D. 139892, R.A. 15h. 35-6m., 
Dec. +36° 58’, visual magnitude 5-07, spectral type B8, should not have been earlier 
discovered as it is of the fifth magnitude and must hence have been spectroscopically 
observed previously. Furthermore the spectrum shows doubled lines which, though 
broad and fuzzy, are of fairly wide separation. It was first observed by me on March 16, 
1924, but on this plate the lines were single and its binary character was discovered by 
Mr. W. H. Christie on May 4 when the relative separation of the lines was 220 km. At 
frequent intervals between the first date and August 28, 1924, 36 spectrograms were 
obtained. Of these 32 were used in the determination of the orbit, the remaining four 
being omitted on account of such close proximity to the crossing points that the doubled 
lines became blended and even approximate measures were impossible. 

The spectrum is of type B8n with broad, strong and ill-defined lines of hydrogen and 
weak diffuse lines of helium. The spectrum is difficult to measure for if the plate is exposed 
sufficiently to make the hydrogen lines reasonably measurable, the helium lines are entirely 
blocked up. The difficulties are of course much increased by the double lines and con- 


sequently the measures are uncertain as indicated by the probable errors per plate of 
2874—1 
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+11-8 km. per second for the brighter component and +15-1 for the fainter. The only 
lines measured or measurable on these spectra are hydrogen H8, Hy, Hé, He, helium 4922*, 
4472, 4388*, 4143*, 4026, Mg 4481. The lines marked with an asterisk were only measured 
on two or three plates when the spectrum was single and are quite unusuable when 
doubled. The average number of lines measured is five and the maximum nine. 

The 32 observations used in the determination of the orbit, all of which, except two 
obtained with the shorter focus camera, were made with the medium focus camera giving 
linear dispersion of 29 A to the millimetre at Hy, are given in the table below arranged 
in order of phase. The measures were mostly made on the Gaertner measuring micro- 
scope with a binocular eyepiece which I have found exceedingly satisfactory and not so 
tiring for the eyes as the monocular attachment. When the measure seemed uncertain or 
gave a higher than normal residual, the plate was remeasured and the velocity used is in 
every case the simple mean of the two measures. In Table I in successive columns are 
given the plate number, Julian date of the observation, the final phase computed from 
the corrected period and time of periastron, the observed and computed velocities of the 
brighter component with the residual and the observed and computed velocities of the 
fainter component with residual. 


TABLE I—OBSERVATIONS OF ¢2. CORONAE BOREALIS 


Velocities Brighter Velocities Fainter 
Plate Julian Final | |-A- 

Number Date Phase Observed Computed O-C Observed | Computed O-C 
10298 | 3,982-803 1-273 —141-1 —113-56 —27-5 + 73-5 + 56-14 +17-4 
10524 | 4,020-740 1-456 —119-7 —123-27 + 3:6 + 78:3 + 66-06 +12-2 
10356 | 3,995-703 1-589 —123-7 —129-78 6-1 + 63-6 + 72-71 — 9-1 
10213 | 3,970-777 1-832 —141-3 —140-31 — 1-0 + 86-8 + 83-46 + 3-3 
10385 | 3,996-711 2-596 —159-8 —161-29 “+ 1-5 +109-4 +104-89 + 4-5 
10478 | 4,009-674 2-975 —168-0 —164-39 — 3-6 + 99-8 +108 -06 — 8:3 
10308 | 3,984-821 3-291 —167-8 —163-24 — 4-6 + 95-0 +106-89 —11-9 
10025 | 3,934-749 3-559 —160-1 —159-75 Oi +106-0 +103 -32 + 2-7 
10394 | 3,997-772 3-658 —150-5 —157-90 + 7-4 +100-2 +101-44 — 1-2 
10228 | 3,972-764 3-819 —150-9 —154-22 + 3:3 + 89-0 + 97-68 — 8-7 
10402 | 3,998-692 4-578 —142-0 —127-48 —14-6 + 91-5 + 70-31 +21-2 
9898 | 38,910-809 4-789 —119-7 —117-55 — 2-1 +101-6 + 60-22 +41-4 
10319 | 3,987-729 6-199 — 34-2 — 35:53 “> Les 
10155 | 3,962-709 6-349 — 42-6 — 25-96 —16-6 
9760 | 3,861-985 6-254 — 11:8 — 32-12 +20°3 
10252 | 3,975-754 6-809 aye ell als: + 2-87 — 1-4 —107°3 — 62:77 —44-5 
10559 | 4,026-658 7-374 + 538-4 + 36-21 +17-2 —112-9 — 96-84 —16-1 
10054 | 3,938-847 7-657 + 62-4 + 51-46 +10-9 —133-6 —112-41 —21-2 
10260 | 3,976-722 7:777 + 65-7 + 57-44 + 8-3 —106:3 —118-53 +12-2 
19168 | 3,964-717 8-357 +108 + 82-37 — 4-6 —134-5 —143-99 + 9-5 
10433 | 4,002-692 8-578 + 92-3 + 89-77 + 2:5 —151-0 —151-55 + 0-6 
10094 | 3,952-710 8-935 + 91-8 + 98-83 — 7:0 —146-0 —160-81 +14:-8 
10342 | 3,990-701 9-171 + 78-6 +102-71 —24-1 —157-4 —164:-77 + 7:4 
10269 | 3,978-738 9-793 + 93-1 +104-28 —11-2 —171-2 —166-37 — 4:8 
10511 | 4,016-673 9-974 +103-0 +102-28 + 0-7 —145-4 —164-33 +18-9 
10177 | 3,966-708 | 10-338 + 97-6 + 94-90 + 2-7 —161-1 —156-79 — 4:3 
10072 | 3,941-776 | 10-586 + 99-1 + 87-31 —11-8 —143-7 —149-03 + 5:3 
10453 | 4,004-742 | 10-628 + 67-6 + 85-81 —18-2 —187-2 —147-50 +10°3 
10278 | 3,979-789 | 10-844 + 70-8 + 77-33 — 6:5 —132-8 —138-84 + 6:0 
10456 | 4,005-694 | 11-580 + 51-1 + 38-70 =o <4 —129-2 — 99:59 —29-8 
10114 | 3,955-710 | 11-935 + 32-3 + 15-90 +16-4 — 89.9 AIG. 10 F958 
10462 | 4,006-680 | 12-566 — 25-9 — 28-28 a toh 


S$ $e 
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The preliminary elements were determined by trial and error by aid of a serfes oi 
velocity curves for different eccentricities and longitudes of the apse, and are given in 
Table IIT below. As usual it was felt necessary to carry out a least-squares correction to 
these elements especially as the interval covered by the observations was short, only about 
14 cycles, with no early observations to accurately determine the period. For this cor- 
rection I am indebted to an undergraduate in mathematics at Edmonton, Mr. F. G. 
Young, who was anxious to obtain experience in this work and applied through Professor 
J. W. Campbell for the material. This correction, which was carried through by the 
method of Lehmann-Filhés, was applied to all the elements except w of both components 
and contained six unknowns and sixty observation equations. It was consequently a 
laborious piece of work and I am much indebted to Mr. Young for the accurate and 
satisfactory solution. 

From the preliminary elements of Table III and making 


x = dy 

yi = 6K 

NOP = dK 

u = 1326¢ 
132u 

Wi = (1-e”) 3/2 
13200 

WwW = 


(1-09 
there resulted the observation equations of Table II. 


TABLE II.—OBSERVATION EQUATIONS 


Number Wt. x yi Ye u v Ww 
1 1 1-000 —0-655 | +0-000 +1-011 | +0-814 +1-037 +22-700 =0 
2 1 1-000 —0-708 0-000 —1-020 +0-757 +1-249 — 5-800 
3 1 1-000 —0-767 0-000 —1-002 | +0-683 +0-958 — 9-500 
4 1 1-000 —0-852 0-000 —0:906 | +0-551 +0-636 — 3-200 
5 1 1-000 —0-986 0-000 —0-338 | +0-173 +0-244 — 2-300 
6 1 1-000 —1-000 0-000 +0-024 —0-012 —0-019 + 4-000 
7 il 1-000 —0-983 0-000 +0-358 | —0-180 —0-232 + 6-000 
8 1 1-000 —0-941 0-000 +0-631 —0-326 —0-258 + 3-800 
9 1 1-000 —0-938 0-000 +0-648 | —0-336 —0-478 — 5-300 
10 1 1-000 —0-902 0-000 +0-774 —0-414 —0-486 — 0-100 
11 il 1-000 —0-703 0-000 +0-985 | —0-662 —0-947 +17-200 
12 1 1-000 —0-591 0-000 +0-937 | —0-7438 —0-411 + 9-600 
13 1 1-000 —0-032 0-000 +0-063 | —0-902 —1-192 — 2-000 
14 1 1-000 +0-049 0-000 —0-096 —0-902 —0-967 +17-100 
15 1 1-000 +0-061 0-000 —0-118 |} —0-901 —0-058 —12-200 
16 1 1-000 +0-248 0-000 —0-470 | —0-877 —1-055 — 0-800 
7, 1 1-000 +0-462 0-000 —0-803 | —0-810 —1-386 —24-500 
18 il 1-000 +0-612 0-000 —0-951 | —0-730 —0-608 —13-600 
19 1 1.000 +0-639 0.000 —0-967 | —0-711 —0-862 —13-400 
20 1 1-000 +0-826 0-000 —0-921 | —0-533 —0-582 — 0-800 
21 1 1-000 +0:870 0-000 —0-850 | —0-470 —0-691 — 9-500 
22 1 1-000 +0-951 0-000 —0-587 | —0-301 —0-293 + 1-700 
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w 
-216 —0-292 
-095 +0-117 
-165 +0-265 


-391 +0-435 


-511 +0-762 
-§28 +0-456 
+633 +0-786 
-925 +1-390 


-039 +1-042 


+110 +1-667 
-814 —1,037 
“757 —1-249 
683 —0-958 
-551 —0-636 
-173 —0-244 


-012 +0-019 
-180 +0 -232 
326 +0-258 
336 +0:478 
-414 +0-486 
-662 +0-947 
-743 +0-411 
877 +1-055 
-810 +1-386 
-730 +0-608 
“711 +0 -862 
+533 +0-582 
-470 +0-691 
-301 +0-293 
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TABLE II—OBSERVATION EQUATIONS—Concluded 
Number Wt. x yi y2 u W 
ae 1 1-000 +0-975 0-000 —0-429 —0 
24 1 1-000 +0-996 0-000 +0-188 +0 
25 1 1-000 +0-987 0-000 +0-322 +0 
26 1 1-000 +0-926 0-000 +0-707 +0 
Ze 1 1-000 +0-874 0-000 +0-863 +0 
28 1 1-000 +0-865 0-000 +0-882 +0 
29 1 1-000 +0-803 0-000 +0-974 +0 
30 1 1-000 +0-525 0-000 +0-915 +0 
Sul 1 1-000 +0-320 0-000 +0-621 +1 
32 1 1-000 +0-011 0-000 +0-023 +1 
33 1 1-000 +0-000 +0-655 +1-011 —0 
34 1 1-000 0-000 +0-708 +1-020 —0 
35 1 1-000 0-000 -++0-767 +1-002 —0 
36 1 1-000 0-000 +0-852 +0-906 —0 
37 1 1-000 0-000 +0-986 +0-338 —0 
38 1 1-000 0-000 +1-000 —0-024 +0 
39 1 1-000 0-000 +0-983 —0-358 +0 
40 1 1-000 0-000 +0-941 —0-631 +0 
41 1 1-000 0-000 +0-938 —0-648 +0 
42 1 1-000 0-000 +0-902 —0-774 +0 
43 1 1-060 0-000 +0-703 —0-985 +0 
44 4 1-000 0-000 +0-591 —0-937 +0 
45 4 1-000 0-000 —0-248 +0-470 +0 
46 1 1-000 0-000 —0-462 +0-803 +0 
47 1 1-000 0-000 —0-612 +0-951 +0 
48 1 1-000 0-000 —0-639 +0-967 +0 
49 il 1-000 0-000 —0-826 +0-921 +0 
50 il 1-000 0-000 —0-870 +0-850 +0 
51 1 1-000 0-000 —0-951 +0-587 +0 
52 1 1-000 0-000 —0-975 +0-429 +0 
53 al 1-000 0-000 —0-996 —0-188 —0 
54 1 1-000 0-000 —0-987 —0-322 —0 
oD il 1-000 0-000 —0-926 —0-707 —0 
56 it 1-000 0-000 —0-874 —0-863 -—0 
57 1 1-000 0-000 —0-865 —0-882 —0 
58 1 1-000 0-000 —0-803 —0-974 —0 
59 1 1-000 0-000 —0-525 —0-915 —0 
60 1 1-000 0-000 —0-320 —0-621 —1 


-216 +0 - 292 
-095 —(etehg 
-165 —0-265 
391 —0-435 
-511 —0-762 
+528 —0-456 
633 —0-786 
*925 —1-390 
039 —1-042 


+18-100 


+27 -900 
+15-700 


From these observation equations the following normal equations were obtained in 
the usual way :— 


+59 -000x 


+ 1-942y, — 2-024y. + 0-105u 


+18-321 


+ 0-000 
+18-109 


— 0-305 
+ 0-045 
+32-546 


— 2-404v 
— 0-191 
— 0-246 
+ 4-254 
+22 -254 


— 1-283w 
— 0-726 
— 0-722 
+ 4-829 
+26-971 
+32:-497 


—116-050=0 
— 60-553 
—101-190 
+ 74-346 
— 33-067 
— 18-782 
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The solutions of these normal equations gave the corrections:— 


x = + 2-389 whence by = +2-389 
ye = + 5-709 dK, = +5-709 
u = — 2-662 de = —0-020 
vo = +11-973 6f = +0-1812 
w = — 7-946 bPee= =0:- 01515 


and hence we get from the preliminary elements the final elements with their probable 


errors. 
TABLE TI.—ELEMENTS OF ¢, CORONAE BOREALIS 


Element Preliminary Final 
PPemeVelociiwiol SyStel) oss os oAC em tse ek vee ene ole ek — 32-0 km./sec. — 29-61 +1-80 km./sec. 
Fo eeeiat-AaYl oll Ge POTLIN ALY. eves oi veo dueyo ede sty awake 132-0 “ 134-82 +3-19 “ 
K, Semi-amplitude secondary................eee0ee 132-0 = “ ils Yorak eanj.)) 9 9 
DPMP TON PIEUGE OL APSe PLINATY woke osc cs ees ede ae es 90° 90° 
we Longitude of apse secondary.................055 270° 270° 
CMPEOCCEN GIICIGY ei Ne ype: AV ans Wiis 00 & Sx oeussiauh eerie 0-05 0-030 + -0183 
UT NG Or PEMAStOM 4. 5/56. Sos sere oe ee eee ue J.D. 3,855-500 3,855-681 + 0-158 
RPE eTiOdh, We rLe fs See ek heh Ie 12-60 days 12-58485 +0-1578 days 


From these elements are readily deduced 


asint = 23,310,000 km. 
a2sint = 23,820,000 km. 
m sin? t. = 138-350 
m,sin?t = 13-060 
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Fig. 1—Velocity Curve of ¢2 Coronae Borealis. 
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The solution reduces Dp? from 11490 to 9970. The probable error of a single plate 
of the brighter component is +11-8 and of the fainter +15-1 km. per second. The 
accompanying graph (Fig. 1) shows the final velocity curves with the observations plotted 
as circles. 

The masses are unusually high for a star of this type and are not certainly exceeded 
by any other B8 stars with the possible exceptions of u Sagittarii whose mass function is 
3-60, but the spectrum of » Sagittarii and also of v Sagittarii and 6 Lyrae with masses 
of the same order can hardly be called of the normal B8 type. It will be of interest to 
compute the absolute magnitude and the parallax of this star from the known minimum 
mass by the various methods employed previously.* It seems likely that this star is in the 
giant stage and the probable density according to Seares’} statistical values would be 
about -015 while the temperature according to the most recent work would be about 
12,000°. The absolute visual magnitude of the brighter component of {2 Coronae Borealis 
which has an apparent magnitude of 5-82 is by Eddington’s method —3-4. The most 
probable value of the surface brightness of a B8 star is —3-0 magnitudes which with a mass 
13-4, density -015, gives an absolute magnitude of —3-0. Taking the mean of these two 
values —3-2 with apparent magnitude 5-8 gives a parallax of 0’’-0016 or an approximate 
distance of 2,000 light years. This computed distance is the minimum value as it was 
obtained from conservative values of density and surface luminosity and with minimum 
values of the mass. The proper motion of this star according to Boss is 0’’-0135 corres- 
ponding to a linear tangential velocity of 40 km. per second which combined with a radial 
velocity of 30 will give a space velocity of 50 km. per second. 

The star is a visual double having a sixth magnitude companion 6’’-2 distant in 
position angle 300°. According to Burnham the separation and position angle have re- 
mained unchanged for over 50 years with a common proper motion as above stated of 
0’’-0135. The visual component is of type B5 with moderately sharp lines and constant 
radial velocity, from seven plates, of —20 km. per second as compared with —30 for the 
star under discussion. From the fixity of position, from the difference in radial velocity 
and from the fact that, with a parallax of 0’’-0016, the minimum separation is 4,000 
astronomical units, it seems unlikely that there can be any orbital connection between 
the visual pair. 


Tue Orpit or H.D. 25833 


The binary character of this star, R.A. 4h. 0-6m., Dec. +33° 11’, vis. mag. 6-61, 
type B3, was discovered from the first plate obtained by the writer on September 10, 
1924, which had a double lined spectrum with a relative separation of 314 km. Plates 
were consequently obtained at as frequent intervals as possible through the fall and 
winter, the total number being twenty-seven. All these plates were measured but three 
were not used in the determination of the orbit owing to their position with respect to the 
crossing points and the resultant blending of the doubled lines. 

The spectrum is of type B3 with rather ill-defined lines which are, however, of better 
quality than in the preceding star as indicated by the probable error of an average plate 
of +5-1 km. per sec. Nevertheless the spectra are difficult to measure on account of the 


*This Pub. II, p. 328, tMt. W. Cont. X, p. 404, 
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doubling and the measures of the fainter component especially are uncertain as indicated 
by the probable error of +13-3 km. per second. The maximum number of lines measured 
in any plate was 11 and the average number 8. The lines measured in the spectra of this 
star comprise hydrogen, HS, Hy, Hd, He; helium 4922, 4713, 4471, 4388, 4143, 4120, 
4026, 4009; ionized magnesium 4481, carbon 4267, calcium 3933. Of the 24 observations 
used in the determination of the orbit all but the first two with the medium-focus camera 
were made with the short-focus triplet camera which is being principally used in the 
investigation of the B-type stars, giving a linear dispersion at Hy of 49 A to the milli- 
metre. The plates were measured on the Gaertner comparator with binocular eyepiece. 
In about half of them the measures were repeated and the velocity used is the simple mean 
in every case. The observations arranged in order of phase from periastron with their 
Julian dates, final phases, mean velocities and residuals are given in Table IV and are 
represented by circles in the accompanying graph (Fig. 2) of the final velocity curve. 


Km 
+200 
+150 


+100 


Fig. 2—Velocity Curve of H. D. 25833. 
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TABLE IV.—OBSERVATIONS OF H.D. 25833 


Velocities Brighter Comp. Velocities Fainter Comp. 
Plate Julian Final —___—___—_————| Vel. 
Number Date Phase Com- Com- K 
Observed puted O-C Observed | puted O-C 

11084 |. 4,142-828 -035 +162-5 | +154-91 7:59 —147-0 | —126-46 | —20-5 

11088 4,138-805 -070 +150-4 | +142-09 + 8:31 —135-4 | —111-91 | —23-5 +13-2 
11002 4124-826 -291 + 20-4} + 33-13 peal WAR ins creas + 11-82 | + 8:6 +25-8 
10807 4,057-913 -321 + 22-6] + 16-91 a ROOD a neatrertas + 30-23 | — 7-6 +19-4 
10963 4,116-858 -437 — 47-4 | — 42-49 — 4-91 +124-1 |] + 97-68 | +26-4 +23-9 
10761 4,053 -992 +457 — 562-5 | — 51:88 — 0-62 + 83:9 | +108-34 | —24-4 + 2-3 
10721 4 043-988 +596 —105-5 | —105-81 + 0-31 +162-1 | +169-58 | — 7-5 

11149 4,165-714 -607 —110-5 | —109-12 — 1-38 +171-0 | +173-34 | — 2-3 +21-2 
10679 4,039-985 -650 —126-1 | —120-60 — 5:50 +188-0 | +186-38 | + 1-6 + 8-5 
11184 4,175-903 -653 —112-8 | —121-49 + 8-69 +181-6 | +187-19 | — 5-6 — 3-8 
11305 4, 222-644 °737 —1382-2 | —136-31 + 3-11 +196-0 | +204-21 | — 8-2 —10-6 
11122 4,145-825 1-004 —132-6 | —121-86 —10-74 +146-7 | +187-78 | —41-1 

11069 4,141-778 1-014 —113-0 | —119-63 + 6-63 +166-7 | +185+28 | —18-6 +22-3 
11053 4,139-870 1-185 — 85:4] — 84-00 — 1-40 +117-9 | +144-81 | —26-9 

10837 4,064-942 1-264 — 46-5 | — 31-95 —14-55 + 97:9 | + 85-71 | 412-2 + 8-8 
10999 4,119-812 1-362 + 25:7 | + 13-94 DLs Gr lees crac + 33-60 | — 7-9 +19-8 
10773 4,054-905 1-370 + 17-2} 4+ 17-71 ral OKC lf Se, hoo A + 29-33 | —12-1 +14-6 
10797 4,056 -951 1-387 + 27-7 | + 26-12 een Bate io bate Coser ee + 19-78 | + 7-9 +20-3 
*11353 4, 235-644 1-565 +105-7 | +110-55 — 4-85 —115-9 | — 76-09 | —39-8 +24-1 
11334 4, 229-644 1-651 +145-5 | +144-90 + 0-60 —150-8 | —115-09 | —35-7 

11134 4,158-761 1-768 +166-1 | +177-63 —11-53 —168-4 | —152-26 | —16-1 — 3-0 
11233 4,215-619 1-826 +182-6 | +185-88 — 3-28 —163-8 | —161-62 | — 2-2 — 6- 
11303 4,221-749 1-870 +188-0 | +188-10 — 0-10 —168-3 | —164-15 | — 4-1 —12-1 
11117 4,144-777 1-984 +171-7 | +176-82 — §-12 —125:9 | —151-34 | +25-4 


*No. 11353 was obtained after the orbit was completed to fill in a gap in the curve and was obviously not included 
in the solution. 

Considerable difficulty was experienced in obtaining the period of this binary, prob- 
ably owing to its near approach to an integral number of days and it was only after nearly 
all the observations were made and several trials that a suitable period was found. How- 
ever, there can be no doubt of its correctness and with this period of 2-0285 days the 
observations were plotted and preliminary elements, given in Table VI, were determined 
by the usual method of trial and error. A correction to these elements was carried through 
by Schlesinger’s* method for the velocity of the system y, the semi-amplitude K, the 
eccentricity e, the longitude of the apse w, and the period P. On account of the small 
eccentricity both w and T (the time of periastron) are indeterminate and the latter was 
omitted from the solution. Owing to the uncertainty of the measures of the secondary 
it was deemed preferable to determine the elements of the orbit from the primary alone, 
and after these were obtained, to determine the amplitude of the secondary considering 
the other elements as fixed. 

Observation equations, Table V, were computed using the notation and methods of 
Schlesinger except for the period where the coefficients were further divided by 100 to 
make them homogeneous with those of the other unknowns. Owing to the correction for 


*Pub. All. Obs. I, p. 33. 
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the period it was necessary to treat each observation separately and further owing to 
unequal quality the observations were each weighted in conformity with the general 
quality of the plate, the number of lines measured and the inter-agreement of these 


measures. 


Number 


PDORGDADAHONADKRDROANDANDANG 


TABLE V.—OBSERVATION EQUATIONS 


Bee e ee ee ee eee eee Pe eee ee 


ee 


K 1 € 
791 +-612 + -076 
714 +-700 + -162 
054 -- -998 + -766 
035 + -999 + -807 
403 -+--915 + +825 
452 + -892 + -806 
779 + +627 +-524 
808 +589 +-481 
870 + +494 + -380 
882 + -472 + -357 
971 + -240 +-148 
875 — +485 — -007 
861 — +509 +-005 
642 — +766 +-231 
331 — 944 + +545 
045 Sey, +-750 
031 —1-000 + -758 
021 —1-000 + +783 
755 — -656 + -566 
942 — +335 + :234 
990 — -142 +-081 
000 + -008 — -004 
926 sip cele! — -048 


From these observation equations the following normal equations were obtained :— 


14-800F —1-024« +1-0077 
+7-484 — -691 
+7-366 


+6-068 + -444m =— 0-150 
—1-:199 — -:287m =+18-211 
+ -424 +3-928m =-+ 3-910 
+3-886 + -072m =— 2-822 


+3:545m =-+ 5-155 


The solution of these normal equations gave the following values to the unknowns 
and corrections to the elements :— 


Ye So 2c008 
kK = +2-4682 
gr = — +2933 
€ = — +4433 
m = +1-9494 


whence 


by 
6K 
bw 
6e 
bp. 
dp 


= + -377 km. 


I 


Il 


I 


+2:468 +1-89 km. 


— -Q00111 or 
+ -00008 + -00118 days 


+ -001805=-+0°-103 +1°-00 
+ -00123 +-0102 
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The preliminary and final elements follow in Table VI. 


TABLE VI—ELEMENTS OF H.D. 25833 


Element Preliminary Final 
ot 3 (00s Le eee es re een ae ae nace een Ve 2-0285 days 2-02858 + -00118 days 
BWecenticitvarmerieces ce coves ood simmeterecscanie e 0-05 0-0512 + oe 
Ion gitude oh apse sseeeie tay cieraie iene sy ciaeeekers ae w  30°-0 30°-103 + 1°-00 
Time of periastron T J.D. 4039-335 4039-335 
Semi-amplitudesprimary...case. = padee sis K, 162-5 aes 164-97 é 1-89 — 
Semi-amplitude secondary............++.++++- K, 190-0 187-32 +6-1 
Velocittysolesystemser tracicncueterois acy uomderedoctiere =r: y +15-46 “ +15°84 km. 


From these follow at once:— 


a sint = 4,549,000 km. 
asint = _ 5,165,000 km. 
m sin't = 4-860 
msimn?i = 4-290 


By similar methods to those used in the previous star with the assumptions of a 
temperature of 15000°K, a surface brightness of —3-3 magnitudes and a density of 0-1 
for a B3 star, we get by Eddington’s method, an absolute magnitude of —1-6 for the 
brighter component, and by computation from mass, density and surface brightness, 
—1-4. The mean value —1-5 absolute magnitude for the brighter component whose 
apparent magnitude will be about 7-4 gives a hypothetical parallax of 0’’-00166, equivalent 
to a distance of 600 parsecs or nearly 2,000 light years, practically identical with ¢: Coronae. 
As in the case of the latter this distance is a minimum value and, with the doubled distance 
of H.D. 216014 obtained by Mr. Pearce, places these B-type stars considerably further 
away than usually accepted. 

The K line of ionized calcium was measured in 18 plates of this star and the measures 
are represented by crosses on the velocity curve (Fig. 2). The line is very weak and 
difficult generally and the measures are uncertain. Although there is a total range of 
some 35 km. in the velocity with some indication of orbital effect, the latter is decidedly 
uncertain, and the mean calcium velocity +10-5 km. does not differ much from the solar 
component of +7-1 km. nor indeed from the velocity of the system +15-8km. Type B3 
appears to be about the lower limit of temperature which will produce excitation in inter- 


stellar calcium and the effect hence appears to be present in this example with a possible 
influence due to stellar calcium. 


Dominion Astrophysical Observatory, 
Victoria, B.C. 
April, 1925, 
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THE ORBITS OF FIVE SPECTROSCOPIC BINARIES 


BY W. E. HARPER 


The stars whose orbits are determined are given in the following table. 


Star a 1900 6 1900 Vis. Mag. Type 

h m ° , 
AYES LNT TANC ENS. pd Sh Oe RAE RO SURE 6 13-7 +53 30 5-41 F5 
PUMCOMmVIINOLiNte et eee ae ee ee eee eee eee 9 51-6 41 32 5-19 F4 
TUS) TEV VOUT ats Ral GREP oS G MN ois = Ghee a ae 18 15-1 2424 5-49 K5 
MLO CULAC MIN ota rene Sey et tr co) edn (ek esc etueyo ste lat ar 208 11-2 23 12 5-38 G7 
me CTO CUNT aE Ura cts tote a) st 2 SEN ci a tol nibs ACA RCRAEE ays, 0 0 23 04-7 +74 51 4-56 G5 


45 AURIGAE 


Abstract.—Twenty-eight spectrograms of single-prism dispersion and measured on the spectro- 
comparator against Procyon as a standard serve to determine the orbital elements. Early Lick 
observations assist in fixing the period at 6-5013 days. The eccentricity is -019. 


This star (1900 a = 6" 13™.7, 6 = +53° 30’) whose visual magnitude is 5.41 and 
type F5, was announced as a spectroscopic binary by Campbell in the Publications of the 
Astronomical Society of the Pacific for June, 1922. 


Twenty-eight spectrograms obtained with the single-prism spectrograph whose 
dispersion at Hy is 29 angstroms per millimetre, were made during 1922, 1923, 1924 and 


1925, and these form the basis of the determination of the orbit. The plates of 1923, 
2873—1 
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April 2, and 1924, April 7, were given half weight, as in the former a very narrow spec- 
trum was secured and in the latter the focus was not of the best. Further, the plate of 
1924, November 22, has not been used at all in the determination, owing to the fact that 
a few minutes’ exposure of an A-type star was accidentally made on the same plate. 


The spectrum contains numerous well-defined lines due principally to iron, titanium, 
manganese, chromium and calcium. On one plate, number 8541, there were measured 
153 lines between 3941 and 4600. By selecting a plate of different exposure other 
lines could be measured and the total increased. In the list given in Harvard Annals, 
Volume 28, page 79, which lists the lines in stars of division c, there are 183 recorded 
between the same limits. The great majority, though not all, of the 153 measured in 
this star are found in that particular list. 


Through the kindness of the Lick observers the data of their,seven observations 
were furnished, and for convenience of reference these are tabulated here. All their 
plates were made with the three-prism Mills spectrograph and should be very reliable. 
The plates have assisted materially in fixing the period accurately, but otherwise 
have not been made use of in the determination. A systematic difference of —3.67 
km. has been added to each velocity before the residuals as shown were obtained. 
Our own plates were measured on the spectrocomparator against the standard plate 
of Procyon, number 3375, and the velocities deduced are given in the table following. 
The tables list the phases of the observations as based upon the final elements, and 
the residuals from the final curve are given in the last column. The deter- 
mination does not appear wholly satisfactory, as the probable error of a plate is 
+1.89 km. per sec., larger than one might expect from single-prism plates when the 
character of the spectrum is considered. In the final curve the way the observations 
fall above and below the curve around the y-point is suggestive of the presence of the 
spectrum of the second component. The last observation was made on a fine-grained 
plate to see if the fainter spectrum could be recorded, but no certain evidence was ob 
tained. 


LICK OBSERVATIONS OF 45 AURIGAE 


Plate Number Date Julian Date Phase Velocity Lines O-C 
9503 Serotec eee 1917 Nov. 1 | 2,421,534-036 6 291 +24-35 30 —2-14 
LOBO (art terte ea ctoetveiewie 1919 Jan. 25 1,984-866 2-030 + 3-60 32 —1-85 
NOOO Uixeterce Rice eiate eset lc re, chiesaus Sept. 25 2 227.948 4-564 —19-43 31 +1-75 
LOQSAM shatter Crna is piece Oct. 11 2,243 -942 1-054 +31-86 30 +1-94 
KN oes gs oom sean Fae ooo oee Novy. 10 2, 273-047 4-154 — 27-64 31 —0-20 
PTOSO Se Re sete eras ctiegien waiters Nov. 24 2, 287-052 5-156 — 6-65 30 —0-58 
PVO SD ae Ones ce ceieaterenise oes Dec. 29 | 2,422,322-935 2-032 + 6-58 27 +1-19 
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VICTORIA OBSERVATIONS OF 45 AURIGAE 


Plate Number Date Julian Date Phase Velocity Wt. O-C 

ab reais MaRS a eid aaa 1922 Nov. 11 2,423 ,370-963 3-350 —31-2 1 —1-5 
SEO CEI ets: Seite cnishiaye a neatcg 1923 Jan. 10 3, 430-865 4-741 —19-0 1 +2-0 
pe Oia ater ORT ar iare Kaman & Pees 3, 448-782 3-154 —29-6 il —2-6 
SA er Pe hie Sicko’ Oe ate Ho SH 3, 451-754 6-126 +19-9 1 +0-6 
SUVA onacet MAAR AE Ge Ret cts Feb. 24 3,475-780 4-147 —27-3 1 +3:-7 
SOUS trie aes cos citer at als Se 2G 3,477 -764 6-131 +23-0 i +3:°6 
SOs Cee etaets cic Out oe ioe eR Mar. 2 3,481-770 3-635 —32-4 il 0-0 
LEV, 5 ere aE Fee peek, 3,498 -695 1-056 +24 -4 1 —1:8 
St eee tee Foo os Ole he a Ree = wte6 3,505 -728 1-588 +12°8 1 —1-4 
SYP B Ge ene EO DBs S26 3,505-745 1-605 +11-9 1 —1-9 
SV GYA Gs ote ORR REI foe ane 30 3,509-771 5-631 + 5-3 1 +0°3 
LOUIS, =: Ae ete NR al ae April 2 3,512-653 2-012 + 6:6 z +4-4 
GLO a oe eae ae La iy 2 3,512-666 2-025 + 6:2 5 +4:-2 
OSM ean wae ame one < 9 3,519-719 2-576 —18-7 1 —5:0 
So ON ia SRO a ee ee oo 9 3, 519-732 2-589 —16-6 1 —2°3 
SANT: 4, Steins Bae ae ae nee 1924 Mar. 3 3, 848 - 702 6-494 +28:-8 1 +2-2 
APES ore, okie kas xea WES 2 alt 3, 855-721 -511 +32-9 1 +2) 1 
UY Be tk ROS Sin: Eee ae ey ie! 3, 859-712 4-502 —26°3 1 —0:3 
OSES ee Go. Betis soe hie sia Be April 7 3,883 -681 2-466 — 5:5 z +5-2 
OS2OMEE EKG Seriiata wea ri, 3, 883-708 2-493 — 3-4 3 +8-1 
HOS SO rn efoto ssl dats Boas Oct. 10 4,069 -020 5-768 + 6-4 1 —2-6 
EOE Stow ai ec tert ovens Becke Noy. 22 4,112-908 4-147 —24°-5 

UEC ric Bape Reet cals Re Dec. 23 4,143-918 2-651 —14-2 il +1-5 
1LUS WS) 2 5 eee co oes eee 1925 Jan. 23 4,174-794 1-020 +25:3 1 —1-4 
MD MOL A cts isic se whe Ba esate Feb. 14 4,196-730 3-452 —33:-5 1 —2-3 
SUD GE ms STS oe Sos vee 24 4,205 -734 5-955 +10-0 1 —4-4 
RZ OO Bi cya cen hoa eiaan Mar. 6 4, 216-730 3:948 —33-0 1 —0°-5 
UIST. Rene ts Cee ane ge eG 2,424 , 226-702 -918 +28-0 1 —0-2 


From the first few plates it was seen that the period was in the neighbourhood of 
6-5 days. Our later observations defined this more closely and with the aid of the Lick 
results a definite value of 6-5013 days was established. Preliminary elements were then 
adopted as follows. 
PRELIMINARY ELEMENTS 


P = 6°5013 days 
e = -:04 

wo = 354° 

K = 62°3 km, 

y = —O0-7 km. 


T = J.D. 2,423,634-597 


The observations were grouped into 16 normal places and observation equations 
were built up according to the usual Lehman-Filhés form, connecting the residuals with 
the elements K, e, w and T. In these equations 


x = dly 

y = 5.K 

ie = eli 0 € 

u = K- 6w, 

vy =#31+292.5 72 
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NORMAL PLACES 


from which there resulted the 


corrections as follows: 


by = — 0-82 km. 
dK — 0-56 km. 
de = — 0-021 

dw = —23°-40 

6T — 0-431 days 


The corrections for w and T 


O-C 
Mean Mean Wt. Mean Mean Wt. 
Phase | Velocity Prel Final Phase | Velocity 

1 1-088 +24-85 2 —3:-7 —1-66 9 4-502 — 26-30 1 

2 1-597 +12-40 2 —3-0 —1-92 10 4-741 —19-00 1 

3 2-019 + 6-40 1 +3:°8 +4-47 11 5-631 + 5-30 1 

4 2-479 — 4-20 1 +7:0 +6-97 12 5-861 + 8-20 2 

5 2-605 —16-50 3 —1-8 —1-81 13 6-129 +21-40 2 
6 3-252 — 30-40 2 —2°:5 —1-74 14 6-494 +28-80 1 

of 3-543 —32-95 2 —2-0 —1-09 15 “511 +32-90 1 

8 4-047 —30-15 2 +0-8 +1-74 16 -918 +28 -00 1 

OBSERVATION EQUATIONS 

erie tmnt oe eeraere noe 1-000x + -904y + -389z + -499u = 
Doe ADI GES CACO ROR TER oe OT 1-000 + -497 — -679 + -885 ae 
OMA Waa cate Se aS eb 1-000 + -101 —1-002 + -994 = 
AR Nee Rice Nel sheea ig eves OSS ais 1-000 — -326 — -644 + -926 + 
Lite. aE Mean CREO eae 1-000 — -433 — -450 + -877 -- 
Gireeieobaticetects sokred er ies 1-000 — -843 + -648 + -466 + 
(Oe inca IE estes een ae 1-000 — -934 + -939 + -223 + 
Ces ea FSS RES Coe oA CC: te eeyeetenG 1-000 — -936 + -856 - *224 - 
Oi exerted) Socata ete a yore 1G ota Fos aa 6 1-000 — :-(67 + +211 — -595 — 
LIU) e ote, ote cee nh RPA eee MRE eee eee 1-000 — -617 — :227 — -758 = 

UL err ckadstrr eid ie vety a cee ar ees ees 1-000 + -170 — -946 — -995 —1- 
TSE Ser eso ch Rete Oma aia oe een 1-000 + -394 — -695 — -939 = 
aR Ys ce Actes AG ieee ON SicrN En SINR CAs Oe 1-000 + -631 — :-219 — -811 _ 
PA ease ie einstein tea erie e Sethe 1-000 + -885 + -dl1l1 — -538 = 
1 USS eer cata Sao ORO ener aa 1-000 +1-040 + -998 — :025 = 
UG Rares oe ree es Wrnainn eke 1-000 + :959 + -602 + -390 =e 

From these were formed the normal equations 

25:000x — *A28y + -631z2 + 2-228u + 2-100v + 
12:6138 — 2-668 — 1-479 — 1-419 + 
10:991 — -3867  — -256 + 
12-287 + 12-338 + 
12-405 + 


Prel. 


Ww ODWHAR 


O-C 


Final 


-422 


19 


“J O1 


Or Or 


+43: 


WODNMAMAAHDHDORWHDONON 


are large, but uncertainty in their determination is 


always present when the eccentricity is as low as in this case, resulting as it does in 
almost identical coefficients in the observation and normal equations for these two 


elements. Had either element been considered fixed, as is often done, the correction 
to the other would have been vanishingly small. 
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The sum of the squares of the residuals for the normal places was reduced from 184-5 
to 156-6, or about 15 per cent, and satisfactory agreement existed between equation 
and ephemeris residuals. 

FINAL ELEMENTS 


6-50138 days 

= ‘019 + -026 

=330°-60 + 40°-85 

—1-52 km. + 0-57 km. 

31-74 km. + 1-08 km. 

J.D. 2,423,634-166 + 0-741 day 
a sin 2 2,837,000 km. 


I 


Hz € 8 Hy 
I | 


\| 


The graph shown (Fig. 1) represents the final elements with the observations as 


grouped. 
“He 


km 
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0 Days 2 4 
Fic. 1—Radial Velocity Curve of 45 Aurigae 

In our absolute magnitude work we found from the ratios of six pairs of lines an 

absolute magnitude of +1-5 for this star corresponding to a prallax of 0’’-016. 


+15 


In the foregoing the dates are given in Greenwich Mean Time as used prior to 1925. 


Dominion Astrophysical Observatory, 
Victoria, B.C. 


March, 1925. 
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19 LEO MINORIS 


THE DOMINION ASTROPHYSICAL OBSERVATORY, VICTORIA, B.C. 


Abstract.—Thirty-three spectrograms of this star obtained in 1923, 1924 and 1925 with the 
single-prism spectrograph serve to determine the orbital elements. Its spectrum 1s F4 and the 
plates were measured on the spectrocomparator against Procyon as a standard. The probable error 
of a plate is +1:2km./sec. The period is 9-283 days and the eccentricity small. 


The star 19 Leo Minoris, Boss 2665 (1900 w = 9* 51™-6, 6 = +41° 32’), visual 
magnitude 5-19 and type F4, was noted to be a spectroscopic binary from the first two 
plates made in 1923. A total of 33 plates have been obtained with the single-prism 
spectrograph, and these serve as the basis for the determination of the orbital elements. 
The lines of the F4 spectrum are well defined and the plates were measured against 


Procyon on the spectrocomparator. 


As the star is bright the plates are all well exposed 


and, while two are slightly inferior to the rest, they have all been weighted equally in 
the solution. The probable error of a plate on the basis of the final elements is 


+ 1-2 km./sec. and is quite satisfactory. 


OBSERVATIONS OF 19 LEO MINORIS 


Plate Number Date 


SUSO Ree wre rabicctctas aehs cole skate are 1923 Mar. 19 
STO ZN Re eee Ane ota ale ce 24 
S20 urea seraisvers aie nates hood uch ae SX) 
STEED 5 te oersiatoeancotion hatte eateries hale ree Se Pavan April 2 
SSS tecrekcare tara svat npc ode eanats a 9 
SSOG ete cee cent ce tee teerccn ees tasers C23: 
SOAS tcl ker ateas hate Pinion ae iee May 7 
SOT ie on Saeri rate vention tans ake ours) abe: aaa) 
CAO Seah eens coords APR RO eh See MARC Oe 1924 Mar. 3 
OL 2b nate cleared eben sears Gree a 10) 
AA Sree reer) ote ce tree dio telat te co ta: 
DT Oli seen pistes oe oiais oe erature oe 22 AN¢é 
DBO Smears aysuetetesy 0H eR RES eng CT Ope 
CAS cece to SOE OED ee SOT eI: Seen otek 
OSM Sie weivecisey ea erate a hen ciar snes Sar 28 
(1) POE) Oras anaes See Nee April 8 
SOS Acemaarnah Sterne sledss sete cud rene iharnc soe Tas 
OSD Merona: carina acne Ypeall 
rr bait te 0 Ge A ap May 9 
OO TS is mrs tess tier ss broretere Roksan oA 19 
LQOQOSMieni ac reer ieee coats ot icse comet BOR} 
LOOS Debra eecbor ee senate G tie wo ivrees oe June 2 
LOLOSHE ce ea toer oe meet oietae sole ohne 016 
VO UG4 ro. Aeteteteotstaracs eisbeterged taaitiaeedsnc cy Me oo 426) 
LO Sipanrte es icteter are eaieka tie eee Dec. 24 
Ae eees Barons eovasiey sant canbe hc eee 1925 Jan. 9 
WLS a ieretertan es ciece eve voreln trate cette vc 24 
MU 2G Sererlereraner vonsase sacle avcneveu nonobese Aitoee 5 Mar. 6 
USO ere recaats ite diotineete eateries 6 GL eReGTt Es ile! 
LS 2B ern aetec aera sae ce Bene eA —elG 
DUS G Serre 2 bac eset shed Get et ololean 22 
UI SSS teenie sche tere ivi n as ts rete We AD, 
i DEW dpe ay ina dae gn RN oa April 6 


Julian Date 


2,423,498- 
3,503- 
3,505: 
3,512- 
3,519- 
3,533- 
3,547- 
3,562- 
3,848- 
3,855- 
3,859- 
3,862- 
3,867- 
3,869- 
a873: 
3,884 
3,890- 
3,897- 
3,915- 
3,925- 
3,929- 
3,939- 
3,953- 
3,963- 
4,144 
4,160: 
4,174: 
4,216- 
4,224. 
4,226. 
4 ,232- 
4,240- 


2,424 ,247- 


773 
779 
796 
717 
763 
725 
694 
716 
843 
839 
780 
793 
740 
780 
795 


-765 


737 
758 
693 
705 
700 
705 
724 
722 


-008 


955 
964 
775 
840 
799 
912 
851 
661 


Phase Velocity | Residual 
O-C 

-178, + 6-2 +0-4 
5-184 —25-3 —0-2 
7-201 —11-7 —0-2 
4-839 —26-5 —1-3 
2-602 —11-7 +0-1 
7-281 — 9-9 +0-6 
2-684 —14-1 —1-4 
8-423 — 0:9 —1-3 
6-777 —15-3 +0-4 
4.490 —26-6 —1-8 
8-431 + 0-1 —0-4 
2-161 — 7-6 —0-1 
7:108 —11-7 +0:-7 
9-148 + 8-0 +3°3 
3-880 —22-8 —0-4 
5-567 —24-4 —0-4 
2-256 — 6-6 1.8 
9-277 + 5-6 +0°5 
8-646 — 1-2 Soe 

-092 + 3-4 —2-1 
4-087 —26-0 —2-5 
4-809 —22-9 +2-4 

-262 + 8:0 +2°-5 

-977 — 0:8 —3:6 
4-886 —27-3 —2-0 
3-267 —14-7 +3°5 
7-993 — 2:6 +0-6 
3 +389 —-17-7 +1-4 
2-171 — 8:6 —1-0 
4-130 —23-1 +0-6 

-960 = ez —1-3 
8-899 + 4-6 +0-9 
6-426 —16-7 +2-0 
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The period was quite early seen to be about 9-3 days, and a value of 9-283 was 
established from the first two years’ observations. It has not been necessary to change 
this for the 1925 series. The preliminary elements adopted from graphical methods 
follow. 


PRELIMINARY ELEMENTS 


ig 9-283 days 
e = -10 

w = 345° 

y = —10-75 km. 
K = 16-0 km. 


T = J.D. 2,423,498-500 


The observations were grouped into 17 normal places and observation equations 
built up in the usual way connecting the elements with the residuals for the normal 
places. 


NORMAL PLACES 


Mean Phase Residual O—C 
—_——____—_—_—_——| Mean Wt 

Prel. Final Velocity Prel. Final 
1h. sien Gtk Aer net een OG Suen eee gers 8-994 8-899 + 4-6 1 —0-2 +0-9 
ETRE TAR ters oo Sis dove ce vee, oe -079 9-267 + 5-7 3 —0:8 +0-7 
Sy a8 cy AES Se ates See a la Ceres kc ae ee -315 - 220 + 7-1 2 +0:°3 +1-9 
ht ae SAR URI Tete eee En 1-064 -969 + 0-4 2 —3-6 —2-5 
Is cis taht Sich GN RR eI 2-291 2-196 — 7-6 3 +0-3 +0-3 
Docc Sargeed SOS eee Ean eae 2-738 2-643 —12-9 2 —0-4 —0-4 
I Re Eh SOR cys, lew ui ee GieceususePexosani so 3-423 3-328 —16-2 2 +2-°3 +2-5 
STE Se ince, wha caseh Airesieye Sino aNs ste ker Siento’ 4-127 4-032 —24-0 3 —1-2 —0°-8 
dhe 5 n.SGWIGS Ce 0 icao nO ae RO ER TORE 4-585 4-490 —26-6 1 —2-1 -—1-8 
Ce ce roc, cick akatird s Broke at eC 4-940 4-845 —25-6 3 —0-5 —0°-3 
UME ee ho Anaed cs 6 lb cdg ie sev oferncay ee 5-279 5-184 —25-3 1 —0-2 —0:2 
14 SEN ae SPA Bene Pee ee eae ee ee 5-662 5-567 —24-4 1 0-0 —0-4 
ES ee ea dene React aie eireieve stone sigtsce ers 6-521 6-426 —16-7 1 +3:3 +2-0 
Ape eee Sek ee ea tian. in Grr tecahenine bislacuepiee ous 7-038 6-943 —13:°5 2 +2-1 +0-5 
JUSS, 55. Gicr iSO sores Oo ERR Pere CHENG cet 7-336 7-241 —10-8 2 +1-7 +0-2 
Ch cfs OS ae ee Ree PRRs 8 2: Cock GA ASM Ty AARC A A ARS Bo 8-088 7-993 — 2-6 1 +1-2 +0-6 
Pe hei ttTo ott ieic! sca e tiie muerte soos 8-595 8-500 — 0:7 3 —2°3 —1-9 


In the observation equations the following substitutions have been made in the 
Lehmann-Filhés coefficients. 


x by 

y = 6K} 

g = . Keoe 

u = ° K-be 

v = 10-994.6T 
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OBSERVATION EQUATIONS OF 19 LEO MINORIS 


Wt. 
tps Se neves re ites Mentors 1-000x + -974y + -725z — -506u — -578v + 0-2 =0 1 
AS EE RI ee a 1-000 -+1-078 +1-239 — +220 — -235 + 0:8 3 
ee ant hot eh 1-000 +1-097 + -966 — -026 000 — 0:3 2 
URN ore ansehen a tN 1-000 + -920 + -064 + +542 + +644 + 3-6 2 
Leek Scher chon cin aoa Shot 1-000 + -181 — -998 + -:970 + -961 — 0:3 3 
LGiencinenc Reet eae mae Oe 1-000 — -107 — -/59 + +953 + -893 + 0-4 ° 2 
(tn cee oa ee ee 1-000 — +482 — -043 a 9 thst’) + ;694 — 2:3 2 
olen chop war Peasecee acerca ae Cae 1-000 — -756 + -681 + -496 + -427 + 1:2 3 
Dis ere Re Mr, arte 1-000 — -860 + -949 + +263 + -234 + 2-1 1 
IW) ree Hacc aeaere a oe ne 1-000 = ote + -996 + -068 + -076 + 0:5 3 
TA ero ae nee 1-000 — -899 + -903 — -120 — -077 + 0-2 1 
LOA Aes. eRe is) 1-000 — -854 + -640 — +335 — +259 0-0 1 
Me no chircoee'5 Go OG CeO 1-060 — +302 — -853 — -943 — -890 — 2-1 2 
ae SocicAs ook Maemo 1-000 — cil) —1-018 —1-004 — -989 — 1-7 2 
Lr aren Os <2 1-000 + -434 — -642 — -968 —1:052 , — 1-2 1 
Gite way tence ctor evete oy Oe 1-000 + -773 -- -1382 — -(63 — -866 + 2-3 3 
LGAs Sete es Pisa 1-000 — -580 — -321 — -762 — -670 — 3:3 1 

From these there resulted the following normal equations :— 
33-000x + 1-3880y + 5-1282 — -158u — -609v + 6-700 = O 
18-061 + 1-154 — 2-799 — 2-882 + 13-026 
21-716 — -234  — -349 + 19-376 


14-878 + 14-723 + . 7-752 
14-696 + 7-340 


which gave corrections as follows :— 


by = — -03 km. 
6K = — -76 km. 
Se = — +052 

dw = + 6°-09 

dT = + -095 days 


The sum of the squares of the residuals for the normal places was reduced from 
91-2 to 56-6 and satisfactory agreement existed between equation and ephemeris re- 
siduals, the numerical average being 0-04 km. 


The final elements, then, with their probable errors are the following: 


Finat ELEMENTS 


9-283 days 

= -048 + -020 

= 351°-09 + 14°-95 

=10°73 4+ Os20tian. 

15-24 + 0:35 km, 

J.D. 2,423,498-595 + 0-383 day 
asinz = 1,943,130 km. 


I 


HmR € 8 Hy 
i 


I 
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The graph (Fig. 2) represents the final elements and the grouped observations are 
shown. 


Fig. 2.—Radial Velocity Curve of 19 Leo Minoris 


All times are expressed in Greenwich Mean Time as used prior to 1925. 


Dominion Astrophysical Observatory, 
Victoria, B.C. 
April 10, 1925. 
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105 HERCULIS 


Abstract.—Twenty-five spectrograms of this K-type star were obtained with the single-prism 
spectrograph since April, 1922, and upon these a solution of the orbit is based. The period adopted 
is 478 days, but this is uncertain to the extent of a few days, as the observations cover only two 
eycles. The eccentricity is -398 with semi-amplitude 16-07 km. /sec. 


The star 105 Herculis (1900 a = 18" 15™-1, 6 = +24° 24’) whose visual magnitude 
is 5-49 and type K5, was first observed here on April 17, 1922. A total of 25 plates has 
been secured with the single-prism spectrograph and these serve as the basis for the de- 
termination of the orbit of this spectroscopic binary. In our parallax work we gave the 
type as K2, but the best exposed plate, made probably since that type was assigned, 
shows it to be closer to K5 which Harvard gives for the star. : 

The plates as a whole are much inferior to our average run and the writer accepts 
the responsibility for such being the case. The star seems unusually red and it so hap- 
pened that on many of the nights when the star was observed it was more or less hazy, 
resulting in a weakened spectrum in the violet. The plates were measured on the 
spectrocomparator against Arcturus as a standard, and the velocities deduced with the 
weights assigned are given in the table of observations. The phases are based on the 
final value of periastron passage with the period 478 days and the residuals are scaled 
from the curve shown which represents the final elements. The elements are not to be 
considered as definite for, owing to the fact that only two cycles of the period are covered, 
the period must be uncertain to the extent of a few days. Observations will be taken 
here in future years to improve the value of the period and by means of which it is hoped to 
lessen the probable errors of the elements. These are rather high due to the probable error 
of a plate’ being +2-0 km. per second and also to the small range in velocity variation. 


OBSERVATIONS OF 105 HERCULIS 


Plate Number Date Julian Date Phase Velocity Wt. O-C 
TAT Oiraterarenee cuerersterens 1922 April 17 2,423, 162-001 99-35 — 2-7 3 —0-7 
SP PES ce COO RE AOE May 28 3, 203 -867 141-22 — 7-8 3 —5-0 
SDA etre serene ees Oct. 27 3, 355-650 293-00 —21-2 2 —7-0 
SOSA re teres Noy. 2 3, 361-625 298-98 —11-4 2 +2-7 
S308 sists eases t 8 3, 3867-572 304-92 —11-4 3 +3-4 
SiO Oe merrreree cee 1923. Mar. 25° 3, 504-007 441-36 — 34-3 3 —0-3 
SS CDiecrene ee ncra rs iets cfa ts April 23 3, 533-971 471-32 —26-6 3 3°5 
SO SO eu ee ee kcicielens teres May 7 3, 547-906 7-26 —21-8 2 +2-3 
SO Tonnes isiarts «5 S153 ae 3, 559-942 19-29 —19-5 3 —0:6 
026 Serene eich en pesare June 6 3,577-891 37-24 —11-6 2 —1-0 
O84 steve e aero eeise ac EO 5 3,596 -846 56-20 — 7:3 3 —1-6 
OOO e derarccer varies enscan July 20 3, 621-827 81-18 — 4:3 3 —1-6 
308 oes ers alermane nes Aug. 17 3, 649-742 109-09 — 0-7 3 +1:3 
AOS a sistas a maieciss Oct. 8 3,701-613 160-96 — 3-4 3 +0-2 
OAT eereistaly eieuniieie seis Fe 1924 May 9 3915-937 375-29 —22-0 3 +2-1 
NOOG Serres csstr ales June 2 3, 939-950 399 +30 —28-3 3 —0-2 
LOMOS Weems nee anes = 530 3, 967-895 427-24 —38-8 1 —6:0 
IMO 4: OS cractocso oienccirce Gc July 7 3,974-780 434-13 —34-1 3 —0°-5 
ODS ciecrec Natoma uae Aug. 25 4 023-699 5-05 —21-6 3 +3-6 
LOGS Arras rca ecco Sept. 8 4037-729 19-08 —23-7 3 —5:+2 
OQOG Aerts nace tne Oct. 27, 4,086 -592 67-94 + 0-1 3 +4-0 
OOO SAeretercs yy srs oc: weil 4,090 -587 71-94 — 2-8 3 +0-6 
LOO AA Maes tte clorirt Graan'ss Nov. 24 4,114-558 95-91 + 3-4 2 +5-4 
TAS OMeetet reer re. 6 acne re 1925 April 6 4, 247-978 229 -33 — 8-2 3 —0-2 
LU SOS eeetserts aieecer sac Sas 2,424 254-981 236-33 — 8:6 2 —0:3 


THE ORBITS OF FIVE SPECTROSCOPIC BINARIES 199 


NORMAL PLACES 


Mean O-C 
— Phase Mean Wt. 

Final Velocity Prel. Final 
Lord en Meueto toch SecaC OTE eR LO ERIE OREM ORO REARS Rae 102-14 —0-42 8 +2-40 +1-62 
hs esa een. Sa a OCCT PO LONER SRN Sct ee ee 151-09 5-60 6 —2-18 —2-50 
Ss Gs cont otk NER SSR Sit oie PS 232-13 8-36 +5 — -30 — -10 
en GCI BE s a ASR | AA A Oe DN 299-82 14-20 -7 — +17 + -15 
DIU SRR SN rade AA PRL BCA Pet EC seth toithgct, a: Hts teeaameesee 375-29 22-00 3 +1-94 +2-12 
OR ees Ie tg eS Ge NA Gabe cet cHea baleen 399-30 28-30 3 — +35 — +22 
ERS: HOA Seen RE Soke emia Visyets oth eeccedhes kino 436-24 34-86 7 —1-72 —1-18 
SU heii wits ins chk ACUI a MRR Se ORE AREY 471-32 26-60 3 +2-09 +3-47 
SS bs RSA Coop ae Lc ee eer ag 13-16 21-64 1-1 —1-26 — -57 
MERE PRE pee eee Wir. Cama ail y.csceaeate is aes «eae 37-24 11-60 2 — +43 —1-01 
1 cS CARER TESTERS ek ROP RN acy EEE RC, 56-20 7:30 3 — -61 —1-59 
STO eM THCY N TG Sie scingel oe me ors Fe) Oe RENAS RATE 73-69 —2-67 9 +1-69 a O7 


PRELIMINARY ELEMENTS 


P = 478 days y = —14-30 km. 
e = -38 K = 15-35 km. 
w = 230° T = J.D. 2,423,536 -09 


From graphical methods the foregoing preliminary elements were adopted and then 
a set of observation equations according to the form of Lehmann-Filhés was built up 
connecting the five elements y, K, e, w and T with the residuals for the grouped obser- 
vations. In these observation equations, weighted as above, the following substitutions 
were made for the sake of homogeneity. 


x = oy u = —K.édw 

y= 6K vy = -264956T 

z = K.ée 

OBSERVATION EQUATIONS FOR 105 HERCULIS 
ie, << any ea Sree 1-000x + -748y — -4202 — -415w — -080v —2:40 = 0 
2h, ce ee i Ma, Se 1-000 + -709 — -961 + -013 + -139 +2-18 
Seer Gina iio aie scheme oss 1-000 + -407 — +659 + -470 + -292 + -30 
1, Gan) Ree maa OR. Ree 1-000 + -018 + +141 ~+ -676 + -414 + 17 
(2, RE WARES Salis Fare Oe 1-000 — -628 +1-106 + +634 + -628 —1-94 
i ee eee One ae 1-000 — -889 +1-060 + +475 + -668 + +35 
Fp RS See one 1-000 —1-227 — +232 — -105 + -260 +1-72 
SNORE ter oie GEA a oi ceaeiels @-0iehs 1-000 — -937 — -778 —1-010 —1-372 —2-09 
Ree carsrsde sec aiolereaeeret savages 1-000 — -396 + -750 —1-277 —1-735 +1-26 
a ae ea oe ae 1-000 + +204 +1-420 —1-183 —1-185 + -43 
PME Seaccrak tice ye tere nd 1-000 + -496 + -940 — -962 — -693 + -61 
GA REIS SSO 1-000 + -648 + -340 — -740 — -376 —1-69 
These gave the following normal equations :— 
6-700x — -O018y + -8062 — 2-258 — 2-078v — -109 = 0 
3-136 — -795 — -074 + #£-3826 — 2-488 
3-237 — 1-229 — 1-485 — _~ -043 


3:914 + 4-071 + § -229 
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which resulted in the following corrections to the elements:— 


sy = — -06 km. 
sk = + -72 km. 
se = + -018 
do = + 4°-47 


s5T = + 4-56 days 
The sum of the squares of the residuals for the normal places was reduced a small 
amount from 16-54 to 13-53 and good agreement existed between equation and ephem- 
eris residuals, none being greater than -06. 
The following, then, are the elements as determined for the present. 


Finat ELEMENTS 


P = 478 days ‘ 
e = -308 + -038 

wo = 234°-47 + 5°-11 

y¥= —14-36km. + 0-41 km 

K'= 16-07 km. + 0-57 km. 


/ 


J.D. 2,423,540-65 + 4-75 


asini,= 96,904,000 km. & 


~18 


0 Days 100 200 300 $00 300 


Fic. 3.—Radial Velocity Curve of 105 Herculis 


In the foregoing the times are given in Greenwich Mean Time in the sense used prior 
to 1925. 


Dominion Astrophysical Observatory, 
Victoria, B.C. 
April 24, 1925. 
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22 VULPECULAE 


Abstract,—Twenty-seven spectrograms of this star whose visual magnitude is 5-4 and type G7 
are made the basis of 4 determination of its spectroscopic orbit. The period is 251 days, the eccen- 
tricity -042 and the probable error of 4 plate +1-0 km. per sec. 


Observations were begun on this star, whose right ascension is 20" 11™-2 and declin- 
ation +23° 12’, in the year 1922 and twenty-seven spectrograms have been secured on 
which to base a determination of the orbital elements. The value obtained for the 
period was 251-0 days, and the observations, while not uniformly distributed over the 
period, are nevertheless sufficiently so to ensure a fair determination of the elements. 

The spectrum is of type G7 and the plates have been measured on the spectro- 
comparator using a Bodtis, No. 2702, as a standard plate. The table following contains 
the phases reckoned from the time of periastron, the velocities, the weights assigned the 
plates and the residual for each from the curve representing the final elements. Through 
a slip the weight 1 was used for the first plate, whereas it should have been 2, but any 
correction would be negligible. 


OBSERVATIONS OF 22 VULPECULAE 


Plate Date Julian Date Phase Velocity Wt. O-C 
OME Ae Spins Bootienelace Ao 1922 July 28 2,423 , 264-866 100-016 —24-1 1 +1-5 
ro A eines ene gee Aug. 28 3, 295-739 130-889 — 8-0 3 --0-4 
el I I Oe Sept. 1 3, 299-802 134-952 — 2-9 3 +2:°8 
ANN A> civi> svar. ¢'o wie Rte <4 vi 3, 305-815 140-965 — 5-8 3 —2-4 
PUIG Od cles 0 RG ‘44 10 3,308-766 143-916 — 2-4 2 —0-1 
4 Se A OF ig 16 3,314-798 149-948 — 3-6 2 —3-l1 
Pd, ay eee i ay aie Oct. 9 3, 337-699 170-849 + 4:3 3 +1-8 
SOOO 5 Jets: oe ac eey.o 4 27 3, 355-697 190-847 + 0-6 3 +1-8 
aa) RT Se ae Nov. 11 3,370-571 205-721 — 6:8 3 +0:8 
LL ee EP ee POLS e 14 3,373 -650 208 - 800 —12-1 2 —2-5 
Se SCAT ERE 1923 May 7 3, 547-989 132-139 — 6-7 2 +0-5 
Ae os 8 ines. 5 sido ae 6 June 25 3-596 -908 181-058 + 1:8 3 +0:3 
ONO ert pene o's July 20 3,621-871 206-021 — 7:6 3 +0:-3 
AMS ro eds Lee a Aug. 17 3, 649-798 233-948 —27-1 3 —0-7 
WAGE sacar eee ee Oct. 8 3,701-667 34-817 — 50-6 3 +0:4 
SO TA ee ne i 12 3, 705-671 38-821 —49-6 2 +1-7 
ONO Shale tarps chore tag ol 22 3,715-594 48-744 —51-8 3 —1-1 
A ee ees Pree 1924 June 2 3,939 -964 22-114 —48-4 2 +0-4 
1 FAL SERED eh ERIS Dye 7. 3,974-884 57-084 —50-7 3 —2-5 
Vine) ae eer 5 21 3, 988 -844 70-994 —41:5 3 +1-0 
MOSHI Seo ods oo ae Aug. 25 4023-758 105-908 —19-8 3 +2-1 
iA ee Ee Sept. 6 4 035-753 117-903 —15-4 3 —0:°8 
MOULD > fait) ty lao >, 03 ae A 15 4,044-718 126-868 — 9-3 3 +0-7 
WOU TB oe Gate 2 etinidie 3 26 4,055 -694 137-844 — 4-4 3 +0-1 
1 Ue ne © oa De ge noe, Oct. 9 4,068 -723 150-873 — 1:6 3 —1-2 
1OOI0 ea rae ee sl 4,090 -670 172-820 + 2-3 2 —0-2 
NOSES 2 deme tiog s 250.0 some Nov. 24 2 ,424,114-600 196-750 — 2-1 2 +1:-3 
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NORMAL PLACES OF 22 VULPECULAE 


aot Mean 

Phase 
Dat es Ne eal Re PERI ARAN EI Soe hee tela paneE: 100-016 
PE, ee AN OR RG Cer a tents rere ot eaE Leen ae 105-908 
SER eR econ tod Micon EAR ARNT ODS A tetme ee aR aN Ps ne 117-903 
7A Mes Hint cia CAS BoP Gt cf HRSG CRN eae TER ECE rie 129-694 
Li. Vey Ets eS ORS ELS CER AoE OOD eo 137-920 
Gy eet eet s eee er eerie ery ater, eloce aiken 148-621 
Fe oe lee Ae Hee Ne A OT 2, Ree ah ate AERO LR ae 172-837 
See eee ee an. OR ea oe Sout! Si oi an ile seen 185-952 
Lian Sede SR Ea ee ACO CTT OTe tn CEES 202-133 
OR Lee eee aE ee ee A to alg SERN tapas 207-135 
HUE AaB ood bein d POM Tat oe nee Re eee eto ies cs 233-948 
HE Se ence the 0 Clee CEP EC RCRD Rae O CTCL ISO Cine oon ene 22-114 
LS NN Ne eT ody eons ait ae ath Oar ore nee 36-419 
tL AFAR AMA cones eh ee ee ee Cas TR 52-889 
IL }s alancadls AB oer eee coe a ROR ei a ear REAR Ne eo 70-994 


The observations were grouped into 15 normal places on the basis of phase. 


Mean 


Velocity 


WBOANWAAABANOOWWe 


Residual O-C 


Final 


A 


value of the period of 251-0 days seemed most satisfactory and while there are only 
four cycles covered by the observations and this value may be in error by as much as a 
day, it was not considered that any great improvement would result by including the 
period in the least-squares solution. Moreover, as the eceentricity was small it was 
necessary to consider either T or w fixed, and the former was the element taken as fixed. 


PRELIMINARY KLEMENTS 


P = 251-0 days y 
e = -05 K 
Wr 120° dis 


—23-52 km. 


27-0 km. 


J.D. 2,423,415 -850 


With these, observation equations were built up connecting the residuals with the 
four elements, e, w, y and K and for homogeneity the following substitutions were made: 


x = Oy Z 
y = 6K u 


OBSERVATION EQUATIONS OF 22 VULPECULAE 


_ 
_ 


-000x 


PISS oo RABE RE SR NT DOU REET eR ee 1-000 
RIBS DOES o ROIS CRRET CEG = DS rer 1-000 
2 eb OD UNG LION, DOO En ECMO OCR URC eR mre 1-000 
DETAR iSO n Ocean MET TERE Ee ee 1-000 
Opraret ons teruntiote acted tatiana teint aie 1-000 
Clon 5 aR OOO Orr Rare Tee 1-000 
Sat 6 oi CRORES COST CSC ace A ene eee 1-000 
(3) 00,0 Oe Cee CORE een One CISC eer 1-000 
A DE eRehe sek atc ls ePovere oi vhs) a eahe PKeloyere's G!e + oa 00 1-000 
Ter ec LOG Gln CR ENCE oS REPEL OT OTRO IDEN 1-000 
LR Etre cter inte eden PARP eea ners te 1-000 
Te Se carder cern p chee cacao ae Nimes BLE ieee 1-000 
Ne eepseis siete TOES esos 8 An 8 Gum stom ates. ns 1-000 
1 Brea CRE eNOS En OHO LOH SeAaTON OE CARMEN CLONE OEE 1-000 


=a | 1166 

= —K.bw 
— -083y a6 
+" .053 = 
+. -319 = 
+ .555 we 
+ -696 = 
+ +843 = 
+ -974 Me 
+ +909 + 
+ -689 Sul 
+ BOB: | EI 
asec teak 
“981 el 
—1-024 x 
— -955 ou 
ale 


-140z 
-027 
+336 


+578 


‘701 
*785 
-435 
+155 
-029 
+235 
“S11 
-186 
386 
280 


698 


l+++++441 1 


| 


-955u 
-954 
-896 
‘771 
-650 
+454 
-090 
+402 
-743 
-829 
-042 
-467 
-097 
+323 
-693 


‘67 = 0 
30 
-48 
38 
37 
63 
:73 
-19 
-00 
“89 
47 
26 
97 
94 
-98 
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These resulted in the following normal equations:— 


7-100x + 1-:982y — -5402 — 1-047u + 1-031 = 0O 
3:995 — -508 — -178 + ~— -286 
3:322 + 1-985 + 1-498 
2:907 + 1-541 
from which the following corrections were obtained :— 
dy = — -23 km. 
5K = — -O1 km. 
de = — -008 
6 om He TPO 


The following, then, are the final elements obtained, with their probable errors attached. 


FinaL ELEMENTS 


P = 251-0 days 

e = -042 + -015 

wo = 121°-0 +.0°-93 

y = —23-75 km. + 0-24 km. 
K = 26:99km. + 0-31 km. 
T = J.D. 2,423,415-850 


asint = 93,072,000 km. 


Fig. 4.—Radial Velocity Curve of 22 Vulpeculae 


The curve (Fig. 4) accompanying represents the final elements, and on it are shown 
the observations as grouped. 


Dominion Astrophysical Observatory, 
Victoria, B.C. 
Dec. 8, 1924. 
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ue (ASUS 


Abstract.—Twenty-three spectrograms taken with the single-prism spectrograph and measured 
on the spectrocomparator against the sky as a standard, were made the basis of the determination 
of the elements. Five observations taken 25 years ago at the Lick Observatory were made use of also 
and fixed the period as 556-2 days. The semi-amplitude is 23-02 km. and the eccentricity 0-281. 


The star 7 Cephei (1900 a = 23" 04™-7, 6 = +74° 51’, visual magnitude 4-56 and 
type G5) was announced! as a spectroscopic binary from the Lick Observatory from 
five plates taken in the years 1899 and 1900. The results of four plates made at the 
Bonn Observatory in the years 1909 and 1912 have since been published’ as well as two 
of Hnatek® at Vienna in 1913. For convenience of reference all are given in the table 
of observations. 


The star is a long period visual binary listed as number 12196, in Burnham’s 
catalogue. While the separation at present is less than a second of arc, yet the yellow 
component to which the present discussion relates is over two magnitudes brighter than 
the fainter and hence the measures should not be vitiated to any appreciable degree by 
the light from the fainter star. 


The star has been observed here with the single-prism instrument since the beginning 
of 1922. The measures have been made on the comparator against the sky as a standard 
and in many cases against Arcturus also, the two results agreeing closely. Plate 8030, 
about which there was some uncertainty as to the focus of the instrument was not used 
in the solution, though its residual is less than that of another plate which was used. 


It was felt that the Lick plates would, if used, add considerable weight to the 
solution, particularly as they were of three-prism dispersion. There seems to be 
systematic difference between ourselves and the Lick Observatory as judged from other 
results, and after adding —1-5 km. to their values they were incorporated with our own. 
Such a proceeding is open to question, but a determination from our own results alone 
would be very little different to that here given. The observations are not distributed 
over the curve as uniformly as desired, and the elements, while regarded as closely ap- 
proximate, are not to be treated as the best that can be secured. There is a suspicion 
of a small secondary oscillation, but the measures are not sufficiently numerous or refined 
to decide. While the probable error of a plate, +1-58 km. per sec., is reasonably low 
for single-prism dispersion, one would expect from the character of the lines for measure- 
ment a probable error not exceeding +1:0 km. The star will be kept on our list to 
secure plates occasionally. 


The table of observations follows. No use was made of the Bonn and Vienna 
single-prism results, though the residuals from our curve are tabulated and are exceedingly 
small for the Bonn Observatory. 


1 Ap. J. Vol. 14 p. 138 
2 ALN. 4750. 
A.N. 197, p. 187 
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OBSERVATIONS OF a CEPHEI 


Observatory Date Julian Date Phase Velocity O-C 
Plate No. 

1G og U0 Ree cen ee ae eee 1899 Aug. 8 2,414,875-9 193-37 —33-0 +0-6 
She Piptten enc thin operetta ce eh ae ees) 4,890-9 208-37 —36-0 —1-4 
Pee Rothe. Wotan Br ree ace a y 29 4,896-9 214-37 —37-0 —2-0 
De GIRS. ten as Sa Per, A 1900 Oct. 7 5, 300-9 62-17 — 5:0 +1-0 
SOON Cat Pee stan ey ee Ae A Dec. 24 5, 378-9 140-17 —23-0 +4-0 
[BUT ese OB deel ay ile A Rea ee 1909 Oct. 24 8 604-32 28-39 + 3-1 —1-6 
ee ee ea ae 1912 Sept. 26 9 672-39 540-26 + 8-9 —0-4 
Sen Re Oe PAR ONO 1A LG Oct. 9 9, 685-34 553-21 --11-0 +1-2 
SR BE Re hart Sere eV os Siatis soe Oct. 11 2,419, 687-36 555-28 + 8-8 —1-0 
Wiennapltet sere oer ah ct 1918 Oct. 31 2,420 072-332 384-00 —20-3 +7-9 
Be eae e Ser en eee Nov. 21 0 093-308 404-98 —28-5 —3-5 

Victoria— 
COTO Rare eee in ets eee fates s.02 1922 Jan. 6 2,423 ,061-594 36-07 + 3:8 +1-4 
GR ee ae G., 3 Sept. 1 3,299 -869 274-34 = 30-8 +4.9 
eae NU, Ae a oe Octa 27 3, 355-772 330-24 —37-2 —3°3 
SONS Ole icnte HOE ERA ic SSO AA ot INOVe Nee 3, 361-672 336-14 —34-3 —0-9 
SOO late a ace eC ee Re 4 5 3, 364-772 339-24 —32-5 +0-7 
SSL PRE OVE Pe hte cea ss 8 3, 367-664 342-14 —27°-6 +5:4 
eh: B3 ola Sencha e ee GE Sere ee ten ay 3, 386-687 361-16 —28-4 +2-4 
Se OU ee RG eer as CGA Mees ICP Sy shin Ie 3, 433-594 408 -07 —24-8 —0-1 
DWP Uc raha ale Rear «ee ene Aug. 17 3, 649-969 68 - 24 —10-6 —2-0 
SIS OLE hati LG cee ae i Me a Sm Oct: 8 3,701-848 120-12 —18-8 +4-2 
SOOO mc epee ee hae 26 3,719-772 138 -04 —25-6 +0-9 
iOS Oho aareaccd hire. a, re eas 1924 July 7 3,974-959 393 -23 —27-7 —1-0 
BQ tere crete tcectenee ae Tee occas Se il 3, 988-961 407-23 — 26-0 —1:3 
cE C(I ade re Raa RC ee er aan ge Aug. 29 4027-895 446-17 —20-0 —3°-3 
WOGA See oe Aer. a hae ke Sept. 3 4 ,032-925 451-20 —13-6 +1-9 
NOG2 7 Reseed ee erie cts ame eres - 6 4 035-909 454-18 —12-3 +1-9 
SOG Reece cess ater as voices oH 8 4 037-876 456-15 —15-4 —1-4 
SEV Q2U7k Stains eee a A ae. eeepc Saco 4044-821 463-09 —10°8 +1-0 
SN ONSISSS, oR RRIR pve am Sie kale At Seat Octz 9 4 068-832 487-10 — 5:8 —1-3 
HO RO Ar erecn Htiaaeas oo aes cua at Nov. 28 4,118-728 537-00 + 7-5 —1-3 
NE )s1 0 ieee aay nee 5 aes ter Dec. 8 4,128-716 546-99 +11-0 +1-3 
INO 2 eer eo a none tease ones «oka “= 23 4,143-638 5-71 +10-7 +1-4 
MULT Oe Pek a tere freon oe ves 1925 Feb. 9 2,424 , 191-590 53-66 — 7:3 —3:-6 


All the plates were considered of equal weight and some occurring at or about the 
same phase were grouped as shown in the table of normal places. The mean phases 
there listed are based on the final elements. 


NORMAL PLACES FOR a CEPHEL 


O-C O-C 
Phase Velocity | Wt. Phase Velocity | Wt. |——————- 
Prel. Final Prel. Final 

1 36-07 + 3-8 1 —0:°3 +1-4 | 10 377-20 —28-0 2 +0-7]) +1-1 
2 57-92 — 6-9 2 —2-4 —1-:9} 11 407-65 —25-4 2 —-1:3 —0-7 
3 68-24 —10-6 1 —2-2 —2:0]|, 12 448 -67 —16-8 2 —1-2 —1-0 
4 129-08 —22-2 2 +4:-5 +2-8] 138 455-17 —13:8 2 +0-1 +0-2 
5 140-17 —24-5 1 +4:3 +2-5 |) 14 463-09 —10-8 1 +1-0) +1-0 
6 193-37 —34-5 1 +0°5 —0:-9 15 487-10 — 5:8 1 —1-0 —1:3 
i 211-37 —38-0 2 —2-0 —3:2|) 16 587-00 + 125 1 —1:8 —1-3 
8 333-19 —35-8 2 —2-5 —2-1 17 546-99 +11-0 1 +0-2} +1-3 
9 340-69 — 30-0 2 +2:°7 +3:1 18 5-71 +10-7 1 —0°3 +1-4 
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Graphical methods in use here gave the following preliminary values of the elements. 


eet Aol tl: la 


l+++ 


-124v 
- 290 
+253 


Wt 


+0:3 =0 


+ 
: LS) 
SCOFPNWNN OOM Wahd 


BRR RK SE NNNNNNNKR KE NF NES 


P=  -500+2 days 
e = -30 
ores) 15" 
K = 24-0 km. 
y = —19-75 km. 
1D J.D. 2,414,138 -0 
In the observation equations which were built up the following substitutions were 
made. 
x = oy 
y =) 6K 
z = K.ée 
u = — K.dw 
Vv [9-49460] 6T 
OBSERVATION EQUATIONS FOR a7 CEPHEI 
Bie es oksetitel hed 1:000x + -996y + -086z2 + -786u 
OT et ear Re mee 1-000 + -634 — +867 +1-017 
iy OR ee 5 Re ea 1-000 + +472 —1-111 +1-061 
CS eee 1-000 — +289 — -624 + +893 
BM ead M incre Eaton ck 20 1-000 — -378 — +393 + +822 
Ue el Wht cus ee cts 1-000 ~—— -635 + +520 + +458 
MEN ee AO A Sites RO 1-000 — -677 + +725 + +332 
Bie ran Nahe nents See 1-000 — -566 + -697 — +438 
ee peer eee eae 1-000 — -540 + +625 — -480 
Ge Bee eens BPs 1-000 — -374 + +175 — -670 
Aira er Ree: Ios. «0 08 Aes des, 1-000 — -180 — -307 — +805 
Ne Fea Saree Wakes 56 1-000 + -175 — -952 — -915 
hh eigte SURG ae tener ieee 1-000 + -245 —1-031 -921 
"US eG ey an ie aot ee 1-000 “888 —1-107 — -921 
TORS hs ROE BORE oes OS 1-000 + -624 —1-125 — -865 
ee. a ae ees See 1-000 +1-212 + +385 — +308 
LP eer ern cee ods 1-000 +1-272 + -760 — -111 
yee PAG a LS 1-000 +1-282 +1-010 — +207 
There resulted the following normal equations:— 
27:000x + 2-0338y — 4-098z2 — 2-845u  — 1-502v 
10:629 — 3-002 +. -945 + 1-145 
15-176 + 1-097 + +262 
14-669 + 138-491 
13-505 
from which the following corrections resulted: 
OF; “a. eh 12 dom, 
dK = — -98 km. 
de = — -019 
dbo = —9°-30 
6T —11-67 days 
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so that the final elements, with their probable errors attached are as follows:— 


FinaL ELEMENTS 


P = 556-2 days 

e = -281 + -020 

w = 5°-70 + 4°-21 

K = 23-02 km. + 0-59 km. 

y = —19-63 km. + 0-37 km. 

T = J.D. 2,414,126-33 + 5-83 days 
~ = 168,970,000 km. 


Fic. 5.—Radial Velocity Curve of + Cephei 


The curve shown (Fig. 5) represents the final elements. 


Dominion Astrophysical Observatory, 
Victoria. B.C. 


Feb. 27, 1925. 


-_ i nAM LGR 


~sceawolY a Cl we ila 


' a 


aus 3a- 
aah BG? +. 
5 


ba ‘ 
’ Fn 
— 


PUBLICATIONS , 


OF THE 


Dominion Astrophysical Observatory 


VICTORIA 


Vol. III, No. 9 


THE VELOCITY CURVES OF 12 LACERTAE AND THE RADIAL VELOCITIES 
OF 48 STARS 


BY WILLIAM H. CarRISsTIE 


ABSTRACT 


Spectra. One hundred and fifty-two spectra of the short-period, variable velocity star 12 Lacertae, (a 22h 
37-0m, 6 +39° 43’) have been measured. These include two series taken by Dr. R. K. Young in 1922 and 1923 
and three by the writer in 1924. 

Amplitude. The last of the series consisting of 76 spectra taken in succession and covering two complete 
cycles, indicates that the change in amplitude, previously noted by Young, is rapid. 

H and K Lines of Calcium. The velocity derived from the calcium lines is in close agreement with the solar 
motion, being —14-1 km./sec. whereas the solar component is —11-0 km./sec. 

Radial Velocities of H.R. Stars. In addition the radial velocities of 48 stars, selected from a general programme 
of H.R. stars, have been determined, in the majority of cases 4 or more spectra of each star being obtained. Of 
these, 9 stars were found to be binaries. 


INTRODUCTION 


During the summer months of 1923 and 1924 the writer was employed as assistant 
at this Observatory to take part of the observing during temporary absences of the regular 
members of the staff. During the summer of 1923 a card catalogue of the radial velocities 
of the stars was brought up to date and the radial velocities of 14 stars from a pro- 
gramme of H.R. stars were measured and the results published in the Journal of the 
Royal Astronomical Society of Canada for April, 1924. 

For 1924, 34 additional stars from the H.R. programme, of which spectrograms 
had been obtained by other members of the staff, were selected for measurement and 
the results of the measures of these stars with the 14 mentioned above are given below. 

As a further useful investigation, Dr. Reynold K. Young suggested a continuation 
of the observation and measurement of the short-period variable-velocity star, 12 Lacertae, 
of which he himself had already obtained and measured several complete cycles. This 
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investigation then, was undertaken by the writer, additional series being obtained on 
July 28, July 31 and Sept. 9, 1924. These three series with two unmeasured sets previously 
obtained by Dr. Young and kindly turned over by him to the writer, were measured 
and reduced and the results are given below. 

It has seemed preferable to discuss the measures of 12 Lacertae before giving the 
radial velocities of the H.R. stars. 


Tur VELocITY CuRVES oF 12 LACERTAE 


The curious changes in the amplitude and the systematic velocity of this star disclosed 
in the earlier measures and extended and amplified by these later measures, make it 
almost essential for complete treatment to give a short summary of thé previous results 
by Dr. Young*. 

The star has a variable velocity of short period which can not in general be repre- 
sented by elliptic motion, and the velocity curves undergo curious changes in amplitude 
and form, quite analogous to the behaviour of the similar short-period stars 6 Cephei, 
o Scorpii and 6 Canis Majoris. The results of Young’s investigations cannot be better 
summarized than in his own words:— . 

1. “From the measures of spectra of 12 Lacertae taken in 1918 it is definitely shown 
that the amplitude of the radial velocity curve varies from night to night, being as small 
as fifteen or twenty kilometers at some times and as large as seventy at others.” 

2. “The shape of the curve is not constant but a simple period will harmonize fairly 
satisfactorily the observations taken between 1908 and 1918 and serves to predict the 
approximate times of maximum and minimum velocities.” 

3. “The spectral lines undergo a periodic variation in width, the lines being wide 
and diffuse at periastron passage and sharper and narrower at apastron. When the 
amplitude exhibited by the curve is small the lines are generally more diffuse than when 
the range is large.” 

4. “The velocity of the centre of gravity as determined from plates taken in any 
one year is constant but plates taken in 1913, 1914, 1915 and 1918 show that it is subject 
to a long-period variation.” 

5. “The amplitude exhibited by the calcium lines is smaller than for the other spec- 
tral lines and they are always sharp and narrow even when the others have become wide 
and diffuse. When the range in the hydrogen and helium lines is high then the amplitude 
exhibited by the calcium lines is easily discernible, when the hydrogen and helium lines 
show a small range, the amplitude exhibited by the calcium is masked more or less com- 
pletely by the error of determination.” 

These curious results rendered the star worthy of further investigation and for 
that purpose there were available two series of spectra covering complete cycles, which 
were obtained by Dr. Young on Nov. 22, 1922 and Sept. 17, 1923, and very kindly handed 
over by him to the writer for measurement. Three more series were obtained during 
the summer of 1924 on July 25, July 31 and September 9. The last of these extended 


*These Publications, I, p. 105. 
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over two complete cycles of the star and is especially interesting because of the portrayal 
of the rapid change in amplitude, as all the earlier series had covered only one cycle. 

The star is bright, magnitude about 5-2, and under average conditions with single- 
prism dispersion, 29A to the millimetre at Hy, a good spectrum can be obtained in five 
minutes. In these series, however, in order to increase the accuracy of measurement 
and the resulting radial velocity, the slit was made narrower and the spectrum wider 
than usual, hence increasing the exposure time about 50 per cent. The greatest care 
was taken in the guiding to keep the star image accurately centered on the slit in order 
to avoid, as far as possible, the possibility of systematic displacement of the lines and 
the resultant error of the radial velocity. On the night of September 9, when the two 
cycles were covered, 76 spectra were obtained and, to minimize time spent in changing 
and developing plates, four spectra were made, side by side, on each plate. 

The 152 spectra of 12 Lacertae were measured on the Toepfer micrometer micro- 
scope of the Observatory, using the methods and reduction tables described in Vol. II, 
No. 1, Publications of this Observatory. 

The lines measured in this star are given in the following table (Table I), the wave 
lengths employed, which are in many cases adjusted values, being the same as those 
used by Young in order to make these results directly comparable with his. 


TABLE I 
ADOPTED WAVELENGTH OF LINES USED IN MEASURING RADIAL VELOCITY OF 12 LACERTAE 


» Element r Element oN Element 
3933 -825 Cat+ 4119-409 O 4349 -693 O 
3964-875 He 4128-211 Si 4351-526 O 
3968 -625 Ca+ 4131-047 Si 4367-010 O 
3970-242 H 4144-000 He 4388 -130 He 
3995 -260 N 4153-600 O 4415-050 O 
4009 -495 He 4190-080 O 4417-120 O 
4026 «349 He 4253 -983 NS) 4471-648 He 
4069 -409 O 4267 -384 C+ 4481-400 Mg+ 
4072-125 O 4317-270 O 4552-762 Si III 
4076-090 O 4319-287 O 4567 -966 Si III 
4101-890 H 4340-634 H 4574-918 Si III 


The measures of the last series when plotted showed several outstanding deviations 
from uniform curves and it was considered advisable to have some of the plates indepen- 
dently remeasured. This was kindly undertaken by Mr. 8. N. Hill, astronomical computer 
at the Observatory, with the result of smoothing out many of the discrepancies. The 
differences between the measures by the writer and Mr. Hill were, in general, not greater 
than would be expected from the character of the lines, and the final value used is the 
mean of the two measures. The spectra thus remeasured are indicated by an asterisk 
in the following table and by the half-filled circles in the accompanying velocity curve 
(Fig. 5). No velocity is given for the calcium lines in the series of July 31, 1924, as the 
plates taken on this night are not strong enough for reliable settings to be made on these 
lines. 
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TABLE II 
INDIVIDUAL MEASURES OF 12 LACERTAE 


Ee — eee —00—0000—<“swmo=>—, 


Velocity Velocity 
Date Phase = |_————____ Date Phase 9 |————__———_- 
General | Vo (Ca) General | Vo (Ca) 
1922, Nov. 22-556 -006 — 6-7 — 9-0 | 1924, July 28-922 +141 —38-8 —21-0 
-569 -019 + 1-1 —16-0 -928 -148 —36-0 —26-5 
583 033 + 8:9 — 5:3 +936 -156 —31-2 —17-4 
-597 047 +13-9 — 6-2 -946 -166 —27-7 — 5:8 
-611 -061 + 8-4 -951 171 —24-8 —13-8 
-625 -075 + 1-9 —21-3 -959 179 lot —16°6 
-639 -089 — 3-5 — 4-5 | 1924, July 31-791 -090 —29-0 
653 -103 —21-2 — 3-5 +799 -098 —27°8 
667 -117 —35-9 —23-8 -807 -106 —30-5 
-681 +131 —33-0 -816 -115 —43-0 
-695 +145 —31-1 °826 °125 —39-1 
-708 +158 —28-5 —26-2 +835 -134 —38-2 
-722 +172 —24-0 —16°3 +844 -143 —42-0 
-736 -186 — 7-4 —20-8 854 -153 —34-5 
1923, Sept.14-679 |.......... —26-0 —15-6 -864 -163 —35-9 
GOD" || eretoeras sor —44-6 —19-4 -873 -172 —18-8 
(Will bs Aisa onracl: —40-4 — 8-9 -883 -000 | —10-3 
1923, Sept. 17-640 -166 —31-7 -893 -010 — 4-1 
-653 -179 —17-1 -903 -020 + 5:3 
-668 -001 —10-9 —18-7 914 031 +13-5 
-681 -014 — 8-5 —15-6 925 042 +36-1 
-694 028 — 1-4 —17°3 934 -051 +24-7 
-707 -040 + 0:3 —13-0 944 -061 + 4-7 
+725 -056 + 1-1 — 6-7 -954 -071 + 8:8 
+739 074 — 3-2 — 5-6 | 1924, Sept. 9-637* -001 —14-5 —11-2 
*753 -086 — 5-2 — 9-2 641* -005 —16-0 —10-2 
-770 -103 —15-6 —21-4 -645* -009 —14-0 —12-6 
-786 +119 —24-7 —14-8 -649 -013 — 9-5 —21-7 
-800 133 —30-0 —24-0 -654 -018 — 9-2 —12-9 
-816 +149 —31-0 —13-8 -660* 024 — 5-2 —14-6 
-827 -160 —29-0 —18-2 -667* -031 — 4-0 — 7-1 
-839 -172 —23-8 —16-0 -672* -036 — 5-0 —10-1 
1924, July 28-796 -016 — 2-0 —12-3 -677 -041 — 1-0 —12-9 
-801 -021 — 2-4 + 2-2 -686* -050 — 1-0 —12-1 
-808 -028 + 8-4 —10-7 -697 -061 — 3-4 —17°5 
-817 037 + 6:6 —13-8 -704 068 — 7-0 —20°5 
822 042 + 6:5 —14-6 -709* -073 —11-7 —10-2 
-831 -051 + 8-6 — 2-8 714 -078 —13-9 —10-1 
837 057 — 0-2 —10-3 720* -084 1755 = 10.5 
-844 064 0:0 726* -090 —17-1 — 5-9 
-850 -070 — 6-6 —12-9 731 -095 —19-6 = O53 
-855 075 — 9-0 — 2-9 736 -100 99.9 317.7 
-861 “081 5-0 —14-7 742 106 —20-6 —24.3 
-887 -087 —12-2 == Pea 747 lll —26-4 —25-2 
-873 -093 —14-2 —12-5 752 116 —26-9 —15-6 
-878 5068 <0 —10e%io) 218-2 756 120 —28-7 ined 
885 105 —12-6 mae OC 761 125 —32-0 —21-4 
892 -112 —19-6 —12-0 766 -130 Seo: seh bay, 
-899 119 —27-2 —17-0 cca 135 —34-8 —16:3 
-905 +125 —34-0 —12-4 775* -139 —27:5 —1057 
-910 131 —38-9 —13-2 -779* -143 —25-8 180 


916 136 —36:3 —12°6 -783* 147 —23-4 —15-1 
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TABLE II—Concluded 
INDIVIDUAL MEASURES OF 12 LACERTAE—Concluded 


a a Ee et i a Ea ee es et fe ee oe be | 
OO ——————————OOEEEEEEE—E—E—E—EEe————— 


Velocity Velocity 
Date Phase = |————_—__—_—_ Date Phase = |_———__-—_—____ 
General | Vo (Ca) General | Vo (Ca) 
1924, Sept. 9-788* -152 —27-7 —19-2 1924, Sept. 9-898* -069 —15-2 — 7:6 
+792 -156 —24-9 —10-4 -902* -073 —16-1 —12-3 
-796 -160 —24.7 —16-1 -906* 077 —12-7 — 7-5 
-800 -164 —25-4 —14-9 -911* -082 —20-2 —14-4 
-804 +168 —18-6 —23-0 -918 *089 —23-1 —15-8 
-809* -173 —22-2 —21-0 +923 -094 —21-2 — 9-9 
-812 -176 —15-7 -17-1 -929 100 —24-3 —11-4 
-818* -182 —13-9 —10-4 -936 -107 —24-0 — 5-5 
+821 +185 —15-7 — 9-8 -943 “114 —21-3 — 8-4 
+827 “191 —10-2 —16-4 -948 -119 —24-2 —15-0 
+832 “003 —13-6 —12-0 -952 +123 —22-1 — 3-2 
-838 -009 —12-2 —11-3 -956 +127 —19-1 — 9-2 
-842* -013 —10-9 —11-7 -961 +132 —20-8 —10-0 
-846* -017 — 7-0 — 2-0 -969 -140 —22-4 —15-9 
-850* -021 — 5-8 — 9-1 -975 +145 —18-6 —16-6 
-855 -026 — 5-5 — 6:5 -980 *151 —20°-6 
-861 -032 — 7:0 —11-2 -984* +155 —18-4 — 8:0 
-867 -038 — 3-4 —11-5 -990* -161 —20°3 — 6-8 
-873 -044 — 3-0 —14-2 -994* -165 —20-8 — 9-6 
-878 -049 — 6:3 —17-2 -999* -170 —23-2 —13:-7 
“881 -052 — 5:0 —14-7 1924, Sept. 10-006* onlays —20-7 — 2-6 
-885* -056 —10:7 — 6:6 -011* +182 —16:3 —16-5 
-890* -061 —12-0 — 9-5 -017* +188 —15:8 — 8-0 
-894* -065 —11-5 —15-0 -024* -001 —20-0 — 5-0 


In the foregoing table of measures (Table II) the columns contain successively the 
plate number, the date (G.M.T.), the phase computed from the initial phase and period 
finally accepted and the velocity from the stellar lines, H and K of calcium. 


These measures are plotted in the accompanying graphs, Figs. 1 to 5, in which the 
peculiar changes in the amplitude and form of the velocity curves are strikingly indicated 
and which may be briefly discussed with advantage. 


The changes in amplitude which were previously noted by Dr. Young are even more 
strikingly demonstrated by the later plates. A glance at Table IV, in which the approximate 
values of K for the different series in 1922, 1923 and 1924 are given will show the range 
in amplitude disclosed by these series. It remained, however, for the observations of 
September 9-10, 1924, Fig. 5, to show the suddenness of this change of amplitude. The 
number and good quality of these plates, with the remeasurement of many of them by 
Mr. Hill, make this determination of the form and amplitude of the curve especially 
trustworthy. While the earlier series had indicated the certainty of a change in amplitude, 
they had given no evidence that this change was a sudden one, and indeed the physical 
probability of such a change seems small, nevertheless the spectra of September 9-10 
show that the early cycle with an amplitude of 30 kms. is immediately followed by one 
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with very little, if any, change in velocity. Of the reality of this sudden change in ampli- 
tude there can be no reasonable doubt as may be-seen from the run of the velocities in 
Fig. 5, but no attempt is made at an explanation of this phenomenon. 


Dr. Young has stated that all the previous observations agreed with a period of 
0-1930890 days and that those of 1918 also fitted into the same period. From some 
of the 1923 and 1924 velocity curves it appeared as if a shorter period would be more 
suitable, and a period of 0:18235 days was found which fitted the 1923 and 1924 obser- 
vations, but when carried back to 1922 and earlier it would not suit, whereas the period 
of 0-1930890 days suited all the observations within the limits of the accuracy with which 
the phase was determined. The following table (Table III), shows the approximate 
positions of zero phase, determined graphically from the curves, taken as the time when 
the velocity curve, with the velocities becoming more positive, crosses the y line. 


TABLE III 


Residuals of Periods Adjusted Residual 
J.D. of Zero Phase Differences © |—————____ Phases O-C 
0-182385 -01930890 


1 2,420,761-149 2,420,761-153 — -004 
1071-851 — -002 +-014 

2 1,833 -000 1,832-990 +-010 
384-848 +-001 — -013 

3 2,216-848 2,216-851 — -003 
409 -928 +-005 -000 

4 2,626-776 2,626-779 — -003 
283-071 + -064 + -003 

5 2,909 -847 2,909 -847 -000 
471-703 — -036 — -013 

6 3, 381-550 3, 381-564 —-014 
299-117 +-063 + -022 

r/ 3, 680-667 3, 680-659 +-008 
315-113 +-012 — +008 

8 3, 995-780 3,995-780 -000 
3-103 + +004 +-014 

9 3, 998-883 3,998 -869 +-014 
39-753 +-001 — -023 

10 2,424 038-636 2,424,038 -646 —-010 
Difference 10-1 3277 -487 — -072 — -006 


The times of 1 and 2 in the above table were obtained from Young’s paper* with 
the correction of a misprint in 2. Nos. 3, 4 and 5 were obtained from the velocities of 
the years 1919, 1920 and 1921 which Dr. Young was kind enough to send the writer 
in advance of publication. The remaining values are from the present measures. The 
difference between the successive values of the times of zero phase are given in the third 
column, the last being the whole interval covered. 


*These Publications I, p. 105. 
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It is obvious that if the period is constant that all these differences must be integral 
multiples of it, and further, if this condition is fulfilled within the errors of determination 
of the phases, the probability of its correctness where so many different intervals 
are involved is very great. Further, the two short intervals between 8, 9 and 10 limit 
closely the possible periods, and, with the approximate value obtained from the single 
velocity curves, confine it to two periods—Young’s of 0-1930890 days and the shorter 
one of 0-18235 days. The shorter of these two periods seems to fit the accompanying 
velocity curves even better than the longer, but owing to latitude in drawing, the decisive 
test must be the agreement with the whole series. 

Columns 4 and 5 contain the residuals between the observed differences of column 3 
and the nearest integral multiple of the two periods, and it is evident that Young’s 
period is the correct one for there are two residuals of a third of the period for the shorter 
one. It is, however, remarkable that the shorter period fits six of the intervals more 
closely than the longer one, but if this is more than a coincidence the physical meaning 
is not obvious. The longer period, especially when the phases are adjusted slightly 
as given in the sixth column, make the residuals in no case greater than 0-014 days from 
the graphically determined phases, certainly well within the errors of determination. 
There seems no reasonable doubt, then, that the period of 0-1930890 days is the correct 
one so far as the observations up to the present can determine, while it also appears to 
be constant over the interval observed. 


The final table (Table IV) gives the dates and the Julian dates of the zero phases 
with the amplitudes. The systematic velocity y has been carefully determined by the 
method of equal areas from the velocity curves by the planimeter. The last column 
gives the velocity from the calcium lines. 


TABLE IV 


DATA OF OBSERVED CYCLES 


Date Julian Day K OY Vo (Ca) 
(Se) Sy paths pee amar teaiamae adon 2k iar lee 2,423 381-550 22-5 —11 km. =lt-s 
Teme ies I et 3, 680-667 16-0 Sigt! = 4as7 
eae ROSE Hae Bt ale ised merged, oc 3 exe 3,995-780 22-5 selitieat = 30 
ES CS” SS i ORE Caan Sane 3,998 -883 36-0 =i“ 
als FOSS ee i i re 4,038 -636 in. —16 “ S197 
5-0 


The changes in systematic velocity will be discussed later by Dr. Young and there 
remains only to mention the behaviour of the H and K lines of calcium. The values 
obtained here along with the corrected values recently given by Dr. Young*, show that 
in all probability the calcium cloud causing these absorption lines is practically stationary 
in space. The velocity derived from these lines differs by —2.1 km./sec. from the reflex 
of the solar motion of —11-0 km./sec. 


* Jour. R.A.S.C., 19, p. 46. 
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Before concluding this discussion the writer cannot omit referring to the work of 
Guthnick} upon the variation of the light of this star. This variation was discovered 
by Stebbins and announced by him in Popular Astronomy, Vol. 25, p. 657. Guthnick 
has found by the use of the photo-electric cell that the light curve of 12 Lacertae is very 
similar to the radial velocity curve. The period of the light curve adopted by, him is 
Young’s period of -1930890 days and the change in amplitude, which is well shown by 
his observations, is relatively very great. The amplitude of this curve varies from a 
curve which is masked by the errors of observation, which are surprisingly small, to a 
well defined curve with an amplitude of over 0-2 magnitudes. 

As a further investigation of this star the writer hopes to obtain additional plates 
of 12 Lacertae this year with especial reference to the problems of the period, amplitude 
and systematic stellar and calcium velocities. It is proposed to obtain spectra at the 
predicted maxima and minima on several successive nights which should disclose the 
period of the variation of the amplitude, if such a period exists. 


Tue RADIAL VELOCITIES OF 48 STARS 


Of the H.R. stars selected from the radial velocity programme for measurement 
by the writer, many had either too few plates obtained to give a reliable velocity or 
else the spectra were of too poor a quality to give satisfactory results’ with the number 
obtained. In order to offset this the writer obtained additional plates during the summer 
months of 1923, 1924 and 1925 to complete the following list. In the case of some of 
the stars in the early hours of Right Ascension, however, it has not been possible to obtain 
the necessary spectra. These measures are included in the following table with the 
algebraic mean but with no probable error appended because of the little meaning attached 
to this function when so few observations are available. Those plates that were obtained 
in 1925 are given with the old G.M.T. date to conform to the rest of the table. 

The radial velocities of 14 of these stars have already been published, but in several 
cases additional plates have been obtained which have, in one or two cases, slightly 
altered the previously published velocity. 

The table itself is self-explanatory, except, perhaps, the sixth column where the 
regions measured are given if the plate has been measured on the Hartmann spectro- 
comparator. Here the symbol = denotes that the alternate regions between and including 
the limiting numbers have been measured and reduced as described in these Publications, 
Volald, No. 1: 

In conclusion the writer wishes to express his indebtedness to the director and the 
staff for their valuable help and constructive criticism. 


DomINION ASTROPHYSICAL OBSERVATORY, 


Victorias, B.C. 
May 1925. 


{ A.N. 4983 and Jubilaumsnummer, p. 11. 
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INDIVIDUAL MEASURES OF 48 STARS 


eee 


Star Type Plate Date Rad. Regions Remarks 
a, 6, (1900) Mag. G.M.T. Vel. Lines 
km./sec. 
H.D. 6966 K5 8128 | 1922 Sept. 15-931 —15-3* | 13=23 |While the first plate is 
O14 05-0™ 6-36 8454 Noy. 20-711 + 0:8 15 =23 discordant, there is no 
+15° 09’ 8504 1923 Jan. 22-597 — 0-1 iy 9-8} reason to believe that 
10589 | 1924 Aug. 31-952 + 1-7 11=23 it should be rejected. 
10603 Sept. 2-980 — 4:6 13 =23 The star is probably a 
10691 Sept. 11-878 — 0-4 11=23 binary of small range. 
— 3:0 
H.D. 7853 A3 8146 | 1922 Sept. 17-886 — 0:5 14 Binary of small range. 
O14 13-1™ 6-34 8246 Oct. 19-816 + 2-5 15 The lines are sharp. 
+36° 52’ 8487 Dec. 28-648 +12-3* 15 
9298 | 1923 Aug. 14-991 + 7-5 15 
10497 | 1924 Aug. 11-989 — 2-1* 0=23 
10547 Aug. 26-962 + 4-1 7=23 
H.D. 11031N A2 8147 | 1922 Sept. 17-940 + 1-5 9 
01h 43-3™ 5-99 8247 Oct. 19-845 — 5:3 9 
+47° 24’ 8445 Nov. 28-665 — 5:0 9 
9297 | 1923 Aug. 14-958 — 4:3 15 
=3:4 4-171 
H.D. 11031S A2 8170 | 1922 Sept. 23-897 —11-7 4 Binary. This star forms, 
O14 43-3™ 5-99 8248 Oct. 19-887 — 23-4 4 with H.D. 11031N, the 
+47° 24’ 8446 Nov. 28-758 + 2:5 6 visual double 2162= 
9296 | 1923 Aug. 14-884 —42-5 10 B.G.C. 941. Red com- 
+60-0 ponent 2 lines only. 
9319 Aug. 18-941 — 1-9 6 
H.D. 13594 Fo 6486 | 1921 Aug. 25-994 — 7-9 22 
025 07-6" 6-03 8045 | 1922 Sept. 5-939 — 8-1 19 
+47° 02’ 8129 Sept. 15-973 — 9-2 20 
8395 Nov. 21-724 — 5-7 13 
—7-7+0°5 
H.D. 16247 Ko 8455 | 1922 Nov. 30-767 —29-1 | 1=23 
02 31-3™ 6-04 8531 1923 Jan. 27-689 —21-0 11=23 
+07° 18’ 9657 Dec. 28-700 —25-1 8 Short focus camera. 
—25-1 
H.D. 19735 Ko 8046 | 1922 Sept. 5-977 —32-3* | 13=23 
034 05-5= 6-42 8 
+47° 22’ 8148 Sept. 17-991 —32-1* | 16=23 
8 
8262 Oct. 28-861 —41-3 8 
8396 Nov. 21-783 —40-6* | 17=23 
8 
—36-6 
H.D. 53686 Ko 7383 | 1922 Mar. 28-684 +17-0 11=23 |Binary. 
075 00-9= 6-13 7435 April 11-660 — 6-9* | 15=23 
+34° 09’ 7448 Dec. 31-936 +20-5 17 =23 


11614 | 1925 May 13-700 +22-9 17 =23 


*Mean of two measures. 
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Star Type Plate Date 

a, 5, (1900) _ Mag G.M.T 
H.D. 80546 Ko 7387 | 1922 Mar. 31-734 
09h 15-4™ 6-22 7471 April 18-681 
+33° 21’ 8533 | 1923 Jan. 27-905 
H.D. 83787 K5 7339 | 1922 Mar. 24-738 
095 35-7™ 6-08 7384 May 28-730 
+31° 43’ 8656 | 1923 Mar. 14-804 
8676 Mar. 17-777 
H.D. 96834 Ma 7140 | 1922 Feb. 18-866 
11» 04-0" 6-03 7235 Feb. 26-846 
+43° 45’ 7331 Mar. 22-756 
7533 May 5-704 
11616 | 1925 May 13-819 
H.D. 97334 Go 7340 | 1922 Mar. 24-778 
ik (Ovfork= 6-32 7406 April 4-783 
+36° 21’ 7472 April 18-751 
8625 | 1923 Feb. 27-918 
11636 | 1925 May 16-796 
H.D. 100470 Ko 8657 | 1923 Mar. 14-855 
114) 28-6™ 6-33 8771 April 1-788 
+37° 23’ 8839 April 21-791 
8878 April 24-758 
8904 May 4-704 
H.D. 101013 Ko 9846 | 1924 April 16-785 
11 32-4m 5-99 9904 May 6-707 
+51° 10’ 9969 May 16-706 
H.D. 106884 K2 7074 | 1922 Jan. 27-950 
12h 12-5™ 6-00 7236 Feb. 26-894 
+538° 45’ 7303 Mar. 18-848 
7332 Mar. 22-833 
8973 | 1923 May 20-722 
H.D. 112264 Mb 7407 | 1922 April 4-824 
12 50-4™ 6-02 7473 April 18-790 
+47° 45’ 7589 May 15-717 
8658 | 1923 Mar. 14-899 
11617 | 1925 May 13-889 
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Regions 
Lines 


Remarks 


Very poor plate. Omitted 
in mean. 


Probably binary of small 
range. 
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INDIVIDUAL MEASURES OF 48 STARS—Continued 


Star Type Plate Date Rad. Regions Remarks 
a, 5, (1900) Mag. GAVnD, Vel. Lines 
H.D. 114326 Ko 7534 | 1922 May 5-779 —17-0 11=23 
135 04-8m™ 6-18 7611 May 26-721 —12-3 15=23 
ait? 22" 8659 | 1923 Mar. 14-944 —21-9 fii 23 
—17-1 
H.D. 114780 K5 7625 | 1922 May 29-7385 +25-0 15 =23 
135 07-6= 5-82 8738 | 1923 Mar. 27-870 +23-8 17=23 |Half weight. 
+12° 05’ 8756 Mar. 29-852 +21-1 17=23 |Half weight. 
8772 April 1-834 +25-0 15=23 
+24-1 40-5 
H.D. 116581 Ma 6029 | 1921 May 12-892 — 0-1 15 =—23 
13 19-4™ 6-37 6090 May 27-711 + 1-0 20—23 /|Very poor plate. 
+382° 33’ 6923 Dec. 25-079 + 1-3 1323 
7333 | 1922 May 22-918 — 0-7 I= 23 
8958 | 1923 May 12-753 — 1-7 15 =23 
—0-2 +0-4 
H.D. 118839 Ko 61385 | 1921 June 2-715 —12-2 Ni=23 
134 34-3™ 6-46 7237 | 1922 Feb. 26-941 —12-7 11=23 
+18° 47’ 7408 April 4-873 —11-3 15=23 
7474 April 18-848 —10-3 15=23 
—11-6 +0-4 
H.D. 121560 F5 6026 | 1921 May 12-792 —16-6 7 =23 
135 51-1™ 6-15 6112 May 30-716 —15-3 9=23 
+14° 34’ 7389 | 1922 May 31-866 —10-6 9=23 
8974 | 1923 May 20-772 —13-4 7=23 
—14-0 +1-0 
H.D. 121682 F2 7638 | 1922 June 8-724 —24-0 1=23 
132 51-8" 6-29 8787 | 1923 April 4-904 —24-2 1=23 
+32° 31’ 8858 April 22-881 —25-0 1=23 
8890 April 25-844 —20-5 1=23 
: —23-4 +0-7 
H.D. 125180 Ma 75385 | 1922 May 5-854 —19-7 | 15=23 |Poor, omitted in mean. 
145 12-7= 6-05 7590 May 15-804 —13-4 11=23 
+15° 44’ 8660 | 1923 Mar. 14-984 —13-5 1523") |Poor, 
8758 Mar. 29-938 —11-6 13=23 
8773 April 1-885 —10-2 17 =23 
—12-2 +0-6 
H.D. 125658 A2 8627 | 1923 Feb. 23-024 + 0-6 17=23 |Interagreement of indivi- 
145 15-8™ 6-34 8842 April 21-909 — 1-1 11 =23 dual settings is poor in 
+30° 53’ 8907 May 4-841 — 1-7 73) this star. 
9783 | 1924 Mar. 21-983 + 3-6 (=23 
+0-3 +0-8 
H.D. 127304 B9 8981 | 1923 May 23-794 —22-3 12 Binary. 
145 25-5™ 5-96 9089 June 26-729 —13°3 12 
+32° 14’ 9997 | 1924 May 21-732 —16-3 11 
10010 May 24-793 — 6-7* 9 
10210 July 3-709 — 8-7 13 
11618 | 1925 May 138-961 + 0-3 10 
11622 May 14-774 — 4-9 7 Short focus camera. Half 
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Star 
a, 6, (1900) 


H.D. 128093 


14 
+32° 


H.D. 


14 
+22° 


H.D. 


14 
+24° 


H.D. 


14h 
+04° 


H.D. 


145 
+45° 


H.D. 


15 
+32° 


H.D. 


154 
+62° 


H.D. 


155 
+47° 


29-9" 
59’ 


129132 
35-8™ 
34’ 


130603 
44-0™ 
47’ 


132525 
54-5™ 
58’ 


133484 
59-6™ 
02’ 


136403 
15-4™ 
54’ 


137389 
20:72 
23’ 


138213 
25-6™ 
35’ 
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i eS 


6-05 


Ma 
6-16 


F5 
6-43 


A2 
6-14 


B9 
5-80 


Ao 
5-96 


1923 April 
May 
May 

1924 July 


1923 June 
June 
Aug. 
Aug. 


1922 May 
June 
1923 April 
May 
May 
1924 May 
June 


1921 May 
1922 Feb. 
Mar. 
April 


1921 May 
May 
1922 Feb. 
April 
1923 May 
May 
1924 July 


1921 May 
1922 June 
June 
1923 April 
April 
1924 May 
June 


1923 Feb. 
May 
May 
July 
July 


1922 Feb. 
Mar. 
April 
May 


Rad. 

Vel. 
23-931 —13-7 
7-793 — 6-7 
19-841 —10-4 
3-730 —14-1 
—11-2 +1 
3-836 —18-7 
18-794 —34-6 
14-686 + 4-4 


20-710 +15-2 


29-820 —28°8 
13-758 —37-4 
24-848 —29-3 
4-878 —31-6 

12-829 —32-3 
21-773 —28-6 
1-723 —38-6 

—32-3 +1 

30:773 —1i1-1 
27-035 —14:-5 
23-003 — 9-38 
4-923 —12°8 

—12-0 +0 

12-881 —19°5 
27-798 —24-1 
26-988 —17-0 
18-904 —22-7 
12-855 Sa lg)ees: 
20-832 —22-9 
3-758 —21-0 

—21-0 +0 


21-818 —77-5 
1-774 — 8-4 
28 +067 —16-3 
4-907 —25-4 
23-821 —31-7 
1-739 —23-5 
27-742 —25-4 

—24-5 +1 
27-071 —26:6 
24-987 —16°6 
18-948 —11-5 
9-849 — 5:8 


Regions 


Lines 


me | rE | |S 


Remarks 


Binary. 


Variation in velocity may 
be real. 


All plates weak. 


Weak plate. 


Weak. 


Binary. 


Binary. Orbit under 
investigation. 
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INDIVIDUAL MEASURES OF 48 STARS—Continued 


Star Type Plate Date Rad. Regions Remarks 
a, 6, (1900) Mag. G.M.T. Vel. Lines 
H.D. 139906 G5 9992 | 1924 May 20-849 —15-9 11 =23 
155 35-7" 5-94 10082 June 7-809 —14-1 9=23 
+50° 45’ 10214 July 3-798 —14-4 7=23 
10357 July 28-718 —13-8 1=23 
—14-5 +0-3 
H.D. 140815 Ko 6114 | 1921 May 30-833 +12-9 17=23 
155 40-6= 6-46 7591 | 1922 May 15-866 +16-2 15=23 
+01° 10’ 7613 May 26-845 +13-4 1523 
8882 | 1923 April 24-889 +13-1 Ages 
8963 May 12-893 +10-8 11=23 
+13-3 +0-6 
H.D. 144889 Ko 6093 | 1921 May 27-837 +54-9 i203 
16 03-0™ 6-34 7410 | 1922 April 4-973 +57-4 1323 
+22° 06’ 8759 | 1923 Mar. 29-662 +58-6 1528 
8883 April 24-934 +57-1 1323 
10215 | 1924 July 3-827 +52-5 15 =23 
+56-1 +0-7 
H.D. 153882 Aop 7642 | 1922 June 8-850 —32-2 T2383 
165 57-0= 6-16 8861 | 1923 April 22-989 —33:°8 1=23 
+15° 05’ 8984 May 23-900 —34-2 1=23 
9096 June 27-730 —35-0 1=23 
10000 | 1924 May 21-859 —31-6 1=23 
—33-4 +0-4 
H.D. 154431 A3 7477 | 1922 April 18-996 —49-5 9 Binary. 
175 00-3" 6-01 7566 May 9-888 —35-6 6 
+34° 56’ 7614 May 26-898 +34-1 4 
—41-3 
9253 | 1923 Aug. 6-722 +38-3 9 
—61-7 
H.D. 156208 Ao 7734 | 1922 June 27-749 — 4-2 9 Very poor lines, the in- 
175 11-2= 6-02 9272 | 1923 Aug. 10-690 — 2-2 8 teragreement of which 
+02° 18’ 9945 1924 May 10-897 + 2-4 4 is poor. 
10343 July 23-726 —19-8 4 
10358 July 28-767 —18-0 6 
—8-4 +3-0 
H.D. 157358 F8 8876 | 1923 April 23-992 + 3-5 7=23 |This star is possibly a 
Ve 7 7™ 6-33 8949 May 7-869 + 3-8 13 =23 binary although the 
+28° 51’ 9289 Aug. 14-746 —13-5 7=23 interagreement of the 
10229 | 1924 July 5-818 —14-4 17 =23 individual lines is very 
10403 July 31-720 —13-3 13'=23 poor. 4th plate 4 wt. 
10683 Sept. 11-664 — 9-2 1=23 Last plate wt. 2. 
—6:9 +3-3 
H.D. 165524 Ko 7691 | 1922 June 20-871 —36-5 11=23 
185 01-37 6-43 8041 Sept. 5-673 —35-5 11=23 
+21° 38’ 8884 | 1923 April 24-978 —34-5 13 =23 
10444 | 1924 Aug. 5-781 —35-5 13 =23 
10685 Sept. 11-708 —36-4 9=23 


—35-7 10-2 


222 PUBLICATIONS OF THE DOMINION ASTROPHYSICAL OBSERVATORY 


INDIVIDUAL MEASURES OF 48 STARS—Concluded 


Star Type Plate Date Rad. Regions Remarks 
a, 5, (1900) Mag. G.M.T. Vel. Lines 
H.D. 172380 Mb 8121 1922 Sept. 15-644 —14-3 9=23 
18h 34-8™ 6-14 8167 Sept. 23-646 —19-5 1 =23 
+39° 35’ 9272 1923 Aug. 10-718 —22-2 9=23 
10404 1924 July 31-764 —22-1 15=23 
10561 Aug. 28-750 —15-7 iei—23 
—18-8 +1-1 
H.D. 178619 F5 9213 1923 July 27-819 — 3-9* 14 Binary. 
195 04-2 6-46 9244 Aug. 4-747 +78°-5 Se 
16° 42! a 
9266 Aug. 8-751 + 7-0 18 
9291 Aug. 14-805} +101 a 9 
—68-3 
H.D. 189066 B3 9197 1923 July 21-834 —25-7 8 
92 53-1™ 6-04 9213 July 27-860 —18-5* 8 
+35° 59’ 9245 Aug. 4-781 —21-1 7 
9256 Aug. 6-786 —26-9 8 
—23-0 +1-3 
H.D. 205114-5 Ko 6334 | 1921 July 21-753 — 20-0 1=23 |Suspected binary. The 
21h 28.]™ A3 general appearance of 
+52° 11’ 6-20 8124 1922 Sept. 15-772 — 26-4 1=23 this star is similar to 
8168 Sept. 23-777 —28-9* 1=23 that of an F6. 
8293 Nov. 21-571 —22-8 13 =23 
10687 1924 Sept. 11-759 —17-2* 7=23 
H.D. 212222 B3 6347 1921 July 30-921 —10-0 7 
22h 17-6= 6-27 8043 1922 Sept. 5-805 —18-4 9 
+41° 36’ 8125 Sept. 15-802 —22-3 5 
8227 Oct. 10-797 —22-5 10 
10219 1924 July 3-907 —14-5 9 
10386 July 23-871 —17-5 8 
—17-5 +1-3 
H.D. 216672 Mb 8126 1922 Sept. 15-836 + 3:8 17=23 |Weak plate. Half weight. 
22h 49.7m 6-48 8452 Nov. 30-599 +11-4 15=23 
+16° 24’ 10573 1924 Aug. 30-828 +10-3 138 =23 
10688 Sept. 11-790 +138-5 15 =23 
+10-6 +1-1 
H.D. 224165 Ko 8127 1922 Sept. 15-880 —13-2 11 =23 
235 50-6™ 6-13 8169 Sept. 23-845 —23-6* 11=23 
+46° 48’ 8453 Noy. 30-657 —16-9 1=23 
10529 1924 Aug, 22-878 —10-9 11=23 
10544 Aug. 26:866 —18-0 9 =23 
10562 Aug. 28-855 —16-1 11=23 
10601 Sept. 2-857 —18-7 11=23 
—17-0 +1-1 
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FOUR DOUBLE-LINED F-TYPE SPECTROSCOPIC BINARIES 
By W. E. Harper 


GENERAL ABSTRACT 


During the past two or three years observations have been secured incidentally of several spectroscopic binaries. 
Of the four here treated two were discovered to be binaries at other observatories and two at our own. The four 
investigated, moreover, are all of F-type with the additional interesting feature of showing the spectra of both 
components. In two of these the spectrum lines are nearly of equal strength, in the other two, one set of lines is on 
the average two or three times as intense as the other. 


The stars under consideration are given in the following table. 


Star a 1900 5 1900 Vis. Mag. Type 

h m ° , 
GSAGOIIITOLIITI ee tome eee tetas tctehe hate cic Slate Ais, aes eaves « Ce WPA Meee + 21 39 5-27 F5 
iy (GUaiR:, EVOL G8 2 Ce A No CRA Oe Be ORS PE SO ae cerca 16 10-9 34 07 5-76 F8 
TERE: “VOR cos Bice ONT Alc TEE) CAC ORCI RE IIe an eee eee 19 04-2 16 42 6-46 F5 
ETERS 20 TN age co sink os cyercy ohare Suto giudemeawe,oleiece tes 21 30-9 + 27 46 6-35 F3 


In spectra of this type with numerous lines it is exceedingly difficult, when both spectra are showing, to assign 
a value for the relative intensities of the lines due to each component. As the lines oscillate back and forth the general 
appearance of the resulting spectrum undergoes great changes due to the blending, either partial or complete, of 
neighbouring lines. This is especially true where the component spectra are of unequal intensity. 
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In the star H.R. 7267 the lines have about equal strength and it turns out that the semi-amplitudes of velocity 
variation and consequently the masses are equal. In the star 02 Coronae Borealis there is sufficient difference in the 
spectra to distinguish between them and corresponding differences in the masses are shown. In the other two stars 
the mass of the secondary is in each case about 0-8 times that of the main component, but the spectrum lines for 
the main components are from two to three times as strong as those of the secondaries. There are a few lines, such 
as \ 4215, which are fairly well isolated and these suggest a ratio of two or three to one. When a spectrum showing 
the lines completely superposed is studied in connection with those having the lines resolved, the resulting character 
of the spectrum is fairly well accounted for on the assumption that the general intensities of the lines of the main 
component are two and one-half times that of the secondary. There would seem, however, to be some slight evidence 
that this ratio was not constant as if the lines of a component increased in strength when that component was 
approaching us in its orbit. 


Reproductions of the spectra of the four stars are given at the end. For H.R. 7267 only one spectrum is shown; 
in the case of the other three, two spectra are shown of each, the upper one in each case having the stronger com- 
ponent to the red, and the lower one vice versa. 


63 GEMINORUM 


Abstract.—Thirty-nine spectrograms of this binary were made the basis of the determination of its spectroscopic 
elements. The lines of both spectra appear on the plates though with considerable difference of intensity. Measures 
of both spectra were combined into one least-squares solution which gives practically a circular orbit with a period 
1-93265 days. 


The star 63 Geminorum (1900 a=7h 21-8m, 6=+21° 39’) visual magnitude 5-27 
and type F5, was announced as a spectroscopic binary by the Lick Observatory in the 
Publications of the Astronomical Socrety of the Pacific, June, 1922. No measures were given 
but the fact was stated of the spectrum showing double lines. 


During the three seasons 1923, 1924 and 1925 a total of 39 plates have been secured 
here with the single-prism equipment, giving a dispersion at Hy of 29 angstroms per 
millimetre. On all but 12 of these both sets of lines were measured, the micrometer 
engine being used entirely. From 12 to 27 lines were measured on each plate as being due 
to the main component. The number of those due to the secondary varied greatly from 
plate to plate and while in a few cases as many as 12 were measured, there were other 
times when only 1 or 2 could be relied upon. The average was nearly 6. The intensities 
of the lines of the main component are on the average probably two or three times as 
great as of those due to the secondary, whilst the ratios of the masses are only 117 to 95. 


The data of the plates are given in the following table in which the phases are based 
upon the final value of periastron. The time quoted is Greenwich Mean Time in the 
sense used prior to 1925. The residuals are scaled from a curve representing the final 
elements and are given for all plates excepting where the lines are partially superposed. 
The probable error of a plate is +4-75 km. per sec. for the main component and +7-03 
for the secondary. 
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OBSERVATIONS OF 63 GEMINORUM 
Component I Component II 
Plate Date Julian Date Phase — 
Vel. Wt. O-C Vel. Wt. O-C 

8496 1923 Jan. 10 | 2,423,430-893 0-845 + 11-7 a Mlle cheteuaced (eae Arita COMED bole Re Cal atte Se 
8667 Mar. 16 3,495-805 0-047 + 1-5 Dantas ciereee tt Naveen sere os | ARPT | Sate 3. 
8679 “a 19 3, 498-747 1-056 + 70-0 2 — 4-0 — 43-0 1 — 7-0 
8724 HG 3, 505-847 0-426 — 77-3 4 — 6:8 +144-4 2 + 3-0 
8778 April 2 3,512-699 1-480 +117-4 2, + 4:0 — 68: $ +19-0 
8810 se Ase) 3,519-748 0-798 + 5-2 De | henee. ee | owe Rn, «| nee | eee 
8865 ae Res) 3,533" 712 1-234 +107-6 2 — 1-6 — 78:3 1 + 2-2 
9571 Oct: 27 3,720-050 0-104 — 31-8 3 — 2-8 + 93-1 2 + 3-1 
9707 1924 Mar. 3 3, 848-758 1-258 +119-7 3 + 7-3 — 78-2 1 + 4-8 
9722 come Uh 3,855-741 0-510 — 64:3 3 — 0:3 +147-8 2 +13-3 
9766 ae eld] 3, 862-758 1-729 + 39-5 2 —22-5 — 16-0 1 + 5-2 
9786 ae 3, 867-773 0-946 + 30-5 OMENS, aeAA ae, ico oct ERS RSC rho 6 6 B's 
9795 24 3, 869-661 0-901 + 26-6 DIME ieee ena BAT tae Fo5 ned PERE A eles Pa 
9830 April 7 3, 883-738 1-450 +122-6 3 + 7-0 — 81-0 1 + 9-0 
9837 «14 3,890-701 0-682 — 30-0 2, + 2-4 +101-1 » + 4-1 
10790 Sept. 27 4,056-039 1-745 + 60-6 1 -+- 2-0 — 9-6 1 + 6-4 
10860 Oct. 10 4,069 -044 1-222 +117-6 D +10-0 — §1-4 1 +27-0 
11102 Dec. 23 4,143-936 0-740 — 9-9 4 + 9-0 + 76: $ — 3-0 
11176 1925 Jan. 23 4,174-815 0-697 — 27-0 3 tee DID) Nik ere ep steered lle sent | omen tet era 
11215 Feb. 14 4,196-757 1-380 +123-3 4 + 5-3 — 91-3 it — 0:3 
11227 eas 4,205-768 0-727 — 16-0 Ae MIDS est NA ee cere acces ol] ne | See 
11240 Mar. 5 4 215-780 1-076 |. + 65-8 2 —13-0 — 25-9 1 +16-0 
11261 SS NG 4,216-743 0-106 — 25-6 3 + 4-0 + 94-2 2 + 3-2 
11308 So 4,224-777 0-410 — 70-5 5 0-0 +138-0 1 — 3-6 
11321 eG 4 226-705 0-405 — 68-8 4 HE STF Race ence? (ee meee letra 
11388 eel 4 229-767 1-535 + 96-8 2 — 8-2 — 90-1 Fe —12-1 
11382 ro 30. 4, 240-677 0-849 + 22-3 2) SEG pl caetbaoieecc ae | ere toe eee 
11414 April 6 4, 247-645 0-086 — 13-7 4 SESE 0 ecs oh ee ern eel mee eat ines Sie cy 
11421 ceo 6 4 247-749 0-190 — 46-0 2 apn (Oa cetera Isai boos oc 
11470 Sa ai ik 4 252-684 1-260 +114-5 5 + 2-0 — 89-0 2 — 5-5 
11484 ae 3) 4 254-657 1-300 +116-6 4 + 0-6 — 84:3 2 + 2-8 
11504 aeelG. 4 257-725 0-503 — 70-4 Dy — 4-9 +118-9 1 —16-6 
11519 ae 4, 261-661 0-574 — 58-5 3 — 4-5 + 93:8 1 —30-0 
11550 April 23 4 264-717 1-697 + 67-5 3 ol ETO AS Gad lt nage Ott I ial Aaa el by utente, 
11586 May 4 4, 275-695 1-079 + 62-4 3 —16-6 — 53-4 1 —11-0 
11604 ce bil 4 282-688 0-341 — 72-6 4 — 5-0 —138-0 2 0-0 
11605 ea hth 4 282-706 0-359 — 70:8 4 — 1-8 +139-5 1 0-0 
11619 1A 4, 285-696 1-417 +122:-8 2 + 5-0 —104-9 il —14-4 
11629 “ 15 | 2,424,286-704 0-492 — 75-5 3 — 9-0 +132: il — 4-5 


The period was found by the writer to be in the neighbourhood of 2 days. I am 
indebted to Mr. W. H. Christie, summer assistant at this Observatory, for obtaining the 
exact number of cycles so as to connect up the three seasons’ observations. With the 
adopted value of the period, namely 1-93265 days, the observations were grouped into 
24 normal places, numbers 1 to 14 representing the main, and numbers 15 to 24 the 


secondary component. 
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NORMAL PLACES 


Mean Vel. Wt. Final (O-C) Mean Vel. Wt. Final (O-C) 

Phase Phase 
1 0-084 — 14-22 0-9 + 9:73 13 1-508 +107-10 0-4 — 2-60 
2 0-138 — 37-48 0-5 — 0-29 14 1-716 + 56-72 0-6 — 8-71 
3 0-350 — 71-70 0:8 — 2-73 15 0-105 + 93-65 0-4 + 3-25 
4 0-413 — 72-18 1:3 — 1-89 16 0-347 +138 -50 0-3 — 0-85 
5 0-496 — 73-46 0-5 — 7-52 17 0-421 +142-27 0-3 + 1-28 
6 0-542 — 61-40 0-6 — 0:66 18 0-498 —125-25 0-2 —10-36 
ds 0-691 — 28-60 0:5 + 3-20 19 0-531 +129-80 0-3 — 1-37 
8 0-783 — 138-00 0:8 + 7:94 20 0-694 + 96-16 0-2 + 3-42 
9 0-868 + 19-26 1:0 + 0-74 21 1-070 — 40-77 0:3 + 0:02 
10 1-072 + 65-54 0-7 —12-09 22 1-416 — 92-40 0-3 — 1-15 
11 1-262 +115-52 1:6 + 2-51 23 1-524 — 85-68 Q-2 — 7-28 
12 1-412 +123 -00 0-9 + 4-98 24 1-737 — 12-90 0-2 + 6-16 


From graphical methods the following were adopted as preliminary values of the 
elements. 


P = 1-93265 days 

e = 0-03 : 
a = SLOS? 

@y =) “285° 

y = +24-76 km/sec. 

K, = 98-0 km/sec. 

K, = 115-0 km/sec. 

T = J.D. 2,423,430-048 


The period was taken as sufficiently well determined from the three years’ observa- 
tions and owing to the very low value of the eccentricity it was necessary also to consider 
T, the time of periastron passage, as fixed. For the sake of homogeneity the following 
substitutions were made in the observation equations connecting the remaining elements 
with the residuals. 


x = dy 

yi = 6K, 

Zz = 6K, 

u = _  100-ée 


ve = —100-dw 
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OBSERVATION EQUATIONS 


EEO ee ee ee 1-000x — -532y + -000z — -743u + +863v —13-13 = 0 
NOS he tee 1-000 — -680 + -000 — +933 + +754 — 4-38 
SO Rar i Ba wie, 1-000 —1-001 + -000 — -467 + -141 — 1-61 
EER Re. 1-000 —1-004 + -000 — -074 — -062 — 1-43 
SERRA aa Re hd 1-000 — -943 + -000 + +445 — +319 + 5-83 
AO ARRR IES Bone. A 1-000 — +880 + -000 + +680 — +451 — -06 
The St aR ee 1-000 — +563 + -000 + -970 — +787 — 1-79 
Glee uriainey oc adak 1-000 — -449 + -000 + +902 — +852 ~ 6-22 
SEP? <ouctea rsh aur. 1-000 — -048 + -000 + +325 — -951 + +82 
Diners... A Ne He, 1-000 + +545 + +000 — -771 — +788 +12-65 
BRR 5 serat.a 0 RL 1-000 + -915 + -000 — +852 — +350 — 1-07 
Tete oe cw at 1-000 + -989 + -000 — +097 + -108 — 1-29 
8 «ee eee 1-000 + -916 + +000 + +498 + +404 + 7-45 
See ee. Sc ee 1-000 + +456 + -000 + +946 + +897 +12-75 
Se re ae 1-000 + -000 + +592 + +963 — -967 — +83 
TN ne alae 1-000 + -000 +1-000 + +569 — -178 + 1-24 
Ocoee tae ae ieee 1-000 + +000 +1-001 + +024 + +103 — 2-41 
Pate he eo oo. 5s 1-000 + -000 + -940 — -536 + +383 + 7-59 
DS Sa are 1-000 + -000 + +897 — -738 + +493 — 1-90 
yl ok OE a 1-000 + -000 + +555 —1-135 + +929 — 7:60 
ES Se 1-000 + -000 — -539 + -896 + +929 + 3-53 
it Oe ae ae 1-000 + -000 — -988 + +084 — -142 + 3-52 
22S 2 ger Re tare nA 1-000 + -000 — -894 — -688 — +529 + 7-61 
PR ccd dt rts cn 1-000 + -000 — +391 — 1-043 —1-088 — 7-32 
From these there resulted the normal equations 
13-800x —1-238y + -690z2 — -710u +1:-73lv -— 1-796 = O 

6-718 + -000 —1-225 — -061 419-252 

1-789 + -015 + -129 — 2-882 

6-442 —1-268 +13-938 

5-350 — 6-526 


which gave corrections to the preliminary elements as follows:— 


by = —0-38 km. 
6K, = —38-44km. 
dK, = +1-76 km. 
de = — -028 
bw = —0°-16 


Hence the final values of the elements with their probable errors attached are the 
following. In computing the latter the probable error of a normal place of average weight 


has been used ,— 


Fee 0745 ee oe 
n—p 2p 
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FINAL ELEMENTS 


| LST (0 HCO ees rg a co a A ie = 1-93265 days 
HI COENTTICIUV cg.ceed ¢ 5c SR Sos See é =p 9-002 ee O17 
Bongitudes*on apses.uk ou. 22 5.04" wy = 104°-84 +1°-07 

We = 284°-.84 +1°-07 
Semi-amplitudes of velocity....... K, = 94-56 +1-70 km./sec. 

Ke = 116-76 +3-22 km./sec. 
Velocity OL SVSteMl. +. ici ins 2% Ye y = +24-38 +1-18 km/sec. 
Perlastron passages . rea. 5 ee Li = J.D. 2,423,430-048 
Projection of semi-major axes..... asin? — 2,513,000 kan. 

asin? = 3,103,000 km. 

mein = 1-05 © 

mesin*t = 0-85 © 


These elements reduced the sum of the squares of the residuals for the normal places 
from 491 to 436, a matter of 11 per cent. The graph accompanying represents the final 
elements, the full circles representing the main and the broken ones the secondary com- 
ponent. 


June, 1925. 


0 Days. 2 “4 <6 


8 1-0 1-2 1:4 1:6 “a 2-0 2:2 
Fig. 1. Radial Velocity Curves of 63 Geminorum. 
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og. CORONAE BOREALIS 


Abstract.—Seventy-four single-prism spectrograms of this double-line F-type star have been made at this 
observatory during the past four years. The semi-amplitudes of velocity for the components are respectively 60 
and 68 km/sec. and thus for a considerable portion of the period the lines are not resolved. The period obtained of 
7-974 days, while giving larger residuals than would be expected, seems to be the only possible one. The component 


spectra, while nearly alike, can be distinguished and this value of the period throws all observations on the right 
branch of the curve. 


The star o: Coronae Borealis (1900 a=16h 10-9m, 5=+34° 07’) whose visual 
magnitude is 5-76 and type F8, was discovered to be a spectroscopic binary by Adams 
at Mount Wilson from four plates taken in 1914. Announcement was made of a relative 
displacement of the component spectra of 140 km. and through the kindness of Dr. 
Adams the writer has been furnished with the measures of their four plates and these 


appear in the table of observations. 


The star was placed under observation here in the summer of 1922 and from the 
observations of that and the following year it appeared the period was in the neighbour- 
hood of eight days. The best value was a little over the eight days, namely 8-07, but this 
threw the two observations of 1922 showing double lines on the wrong branch of the 
curve. It seemed necessary to decrease the period to 7-97 days so that the components 
would fall on the proper branch of the curve. Ten more observations were secured in 
1924 when further trials for a more satisfactory period were made without securing one. 
Thirty-odd plates have been made this season with additional trials for a more satisfactory 
period but without avail. Periods in the neighbourhood of a day seem to be out of the 
question, and the value 7-974 adopted to best represent all the years seems to be the 
only possible one to accept. With this value all measures, including the early Mount 
Wilson, fall on the proper branch of the curve yet the agreement is extremely ragged, 
the probable error of a plate being, for component I, +6-0, and for component II +6-6 
km/sec. The lines are, when fully resolved, apparently well suited for measurement 
though, owing to their number, very few are unaffected by neighbouring lines in spectra 
of this dispersion. Taken in conjunction with the fact that the lines are properly resolved 
for less than half the period this vitiation by neighbouring lines seems the only valid 
explanation of the large residuals present. 
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Component I 


232 
OBSERVATIONS OF 6, CORONAE BOREALIS 
| 
Plate Date Julian Date Phase 
Vel. 
Mount 

Wilson 1914 June 10 | 2,420,294-925 4-689 —11-0 
July 6 0, 320-829 6-671 +37-0 
Aug. 10 0, 355-688 1-660 —77-0 
Sept. 9 0, 385-662 Ge —11-0 
7649 1922 June 9 3, 215-838 7-118 + 3-4 
7789 July 10 3,246-738 6-122 -+50-6 
8092 Sept. 13 3,311-664 7-256 +40-0 
8874 1923 April 23 3, 533-955 6-275 +49-7 

8948 May 7 3, 547-830 4-202 
8969 tei Ke) 3,559 +867 0-191 —24-3 
8979 a2 3, 562-824 3-248 —15-6 
9007 June 3 3,574-867 7-317 +13-4 
9024 wet 6 3,577 -826 2-302 —64-3 
9041 Cail 3,583-807 0-309 —23-0 
9075 Salk 3,589 -862 6-364 +50-7 
9081 oS 3,596-727 5-255 +52-1 
9090 OS 3,597-765 6-293 +44-3 

9118 July 1 3, 602-812 3-366 

9120 Seed, 3,603 -726 4-280 
9121 as 3 ,604-732 5-286 +43:-8 
9132 TELS, 3,610-712 3-292 —17-6 
9168 al 3,615-760 0-366 —18-2 
9179 ce 3, 620-749 5-355 +37-5 
9186 20) 3,621-709 6-315 +43 -3 
9195 S21 3,622-772 7:378 +31-6 
9203 22 3,623-711 0-343 —23°-3 
9231 Aug. 2 3,634-707 3-365 —47-1 
9239 a 3, 635-702 4-360 —16-4 
9246 RPE, 3,637 -697 6-355 +43-8 
9252 © 3, 638-695 7-353 +24-6 
9288 52 Tel: 3,646-710 7-394 +30-9 
9302 ce 7, 3, 649-675 2-385 —76-1 
9363 29 3, 661-667 6-403 +48-8 
9409 Sept. 16 3, 679-640 0-454 — 4-8 
9438 SE PP] 3, 685-630 6-444 +52-1 
9806 1924 Mar. 24 3, 869-987 7-399 — 9-8 
9940 May 9 3915-893 5-461 +49-5 
10225 July 4 3,971-755 5-505 +42-5 
10238 ora weds 3,974-709 0-485 —41-7 
10296 Soe: 3,981-735 7-511 — 3-6 
10533 Aug. 25 4023-673 1-605 —59-5 
10622 Sept. 6 4,035 660 5-618 +30-6 
10633 aS 4,037 +662 7-620 +31-0 
10724 NS 4 044-682 6-666 +50-2 
10776 «26 4,055-628 | 1-664] —49-8 
11281 1925 Mar. 6 4217-051 3-607 —13-4 
11316 es: 1 224-987 3-569 —11-8 
11428 April 6 4, 247-950 2-610 —55-2 
11468 a ee) 4 ,250-968 5-628 +48-8 
11502 tele} 4 ,254-957 1-643 —71:8 
11509 aL G 4 257-938 4-619 +28-1 


ra 


Component II 


13 


bo 


on 


=) 
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OBSERVATIONS OF 62 CORONAE BOREALIS—Concluded. 


Plate 


11591 
11610 
11624 
11633 
11657 
11663 
11665 
11673 
11715 
11717 
11731 
11736 
11750 
11766 
11773 
11780 
11796 
11804 
11833 
11836 
11840 
11852 
11877 
12159 
12246 
12330 


Date 


1925 May 


“ 


Julian Dz 


4,275. 
4 ,282- 
4,285: 
4,286: 
4,294. 
4,295 
4,296. 
4,296. 
4,316- 
4,316- 
4,319- 
4,320- 
4 ,322- 


4 ,324- 
4 ,326- 


4,328- 
4,331 


4,333: 


4,306- 
4 ,337- 


4,388: 
4,340: 


4,343- 
4,389: 
4,405- 
2,424,415- 


ite 


884 
831 
814 
833 
(91 


830 


695 
964 
703 
750 
826 
774 
783 
807 
789 
802 


871 


733 
767 
750 
750 
793 
440 
704 
654 
647 


Phase 


NOON AMTEWOAWHEANOAWNINWWNH HE OAD 
~vI 
oO 
= 


853 


Component I 


Vel. 


+32 
+52 


= oyilc 
—=i18% 
—69- 
—iRe 
+45: 
= G71 
E52. 
Fi) 
ol 


= 766 
—13°% 


—69- 


n 


O-C 


a 


Pans 

— 
Coon Ow 
NID Ot PbO WO 


-- 


+ 6: 


= res 


Component IT 


Vel. 


BRAIDS 


pan 
NINN ws 
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+22: 
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nS 
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In the foregoing table the phases are reckoned from the final value adopted for 
periastron passage, namely J.D. 2,423,216 -694, with the period 7-974 days. It is with con- 
siderable reluctance that this value for the period has been accepted owing to the large 
residuals of many of the plates, but much time has been spent in unsuccessful efforts to 
secure a better one. The number of lines measured is given in each case and the residuals, 
given for those spectra either wholly or partially resolved, are scaled from the curve 
Where no velocity is entered the lines are partially 


representing the final elements. 


superposed rendering measurement inadvisable, but eye estimates indicate that the 
result would agree with the curve. 
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NORMAL PLACES 


Mean Mean Mean Mean 

Phase Vel. Wt. O-C Phase Vel. Wt. O-C 
1 6-329 +48 -0 0-9 — il gt 5-519 +46:7 1-0 + 4-7 
2 6-644 +41-5 0:3 — 3:8 12 6-329 —79°8 0-9 — 0-9 
3 7-386 +28-6 0-4 + 8-2 13 6-644 —70:9 0-15 + 3:6 
4 7-938 —14°5 0-9 — 6-2 14 7-400 — 62-2 0-25 —16-8 
5 0-544 —51-0 0-05) —11-4 15 0-544 +30:7 0-05 + 8-2 
6 1-645 —65-9 0-8 + 4:4 16 1-645 +51-4 0:4 — 6:3 
7 2-399 —73°9 0-3 — 9-5 i 2-403 +51:6 0-2 + 0-9 
8 2-707 —62-0 0:5 — 5-0 | 18 2-732 +52-1 0-3 +10-5 
9 3-648 —15:3 0-7 + 8:9 | 19 4-619 —50-3 0-05 —11-2 
10 4-619 +28-1 0-05} +13-8 20 5-501 —66:9 |* 0-9 + 3-4 


The observations were grouped into twenty normal places as above, eleven repre- 
senting component I and nine component II. Preliminary elements were obtained as 
shown in the table at the end and a set of observation equations built up connecting 
the residuals for the normal places with the elements. The period was omitted and owing 
to the low value of the eccentricity it was necessary to omit periastron passage also. 
In the observation equations of the Lehmann-Filhés form adapted to double-line spectra 
the following substitutions were made. 


x = Oy 

Va eto 6K, 

Z = 5K, 

u = _ 100-ée 

v = —100-bw 

OBSERVATION EQUATIONS 

OE 3 cer RRO OSE 1-000x + -984y + -000z + -21lu + -137v oO 0 
Pe esa ats a aN PN eed 1-000 + :907 + -000 + -472 + -287 + 2-8 
eet env che URINE 1-000 + -488 + -000 + +532 + +563 — 9:8 
Zloty c Racs Cece pee 1-000 + -031 + -000 + -039 + -640 + 5-7 
SRR Re eunean is ator remtcs age 1-000 — +455 + +000 006 + -573 +12-2 
Ornate ork, Miers ee 1-000 — -984 + -000 — 21) sire ee saat! — 5-1 
AAR GS: Siete «poets: 1-000 — -916 + -000 + .443 Sos Seat 
So laeeord cin oO Ree me 1-000 — -800 + -000 Slane 7 =) O36 =D 
dh tenis dei i mn ara ae iat 1-000 — +240 + -000 + -278 — -§62 —10-3 
Os eas poner nen gee. 1-000 + -437 + -000 — -470 — -518 Sord 
Useless cats s foe 1-000 + +899 + -000 See = «Qo oa 
LDAP ee openbaar RiCRer re ae 1-000 + -000 — .984 eer) eta! Aly O56) 
LO ee pers isles one ssinuthinr at 1-000 + -000 ONT EE sea) oe Le =n050 
ies eM tons caliente ces SINE 1-000 +- -000 =) «479 = TS = ODD 19: 1 
GSA. 5 0 a a ee 1-000 + -000 + .455 + -556 =) G30) Site2 
1 NC heens plone en ROAR Racecar eeh te 1-000 + -000 + -984 BEY) ae LRA BS 
AN tecacexgedebeaess nish. oxthevtsned tere 1-000 + -000 + -915 42 Ae ORT =e) ies 
obs ANS onc cichehon PCR DEE MOREE 1-000 + -000 + .789 = 640 de eB yh =T0r2 
LD Seraeeottneis tierce success Gaeke 1-000 + -000 — -437 + -516 ey B70 +10-0 
20 boa Ac Oa aes Cee 1-000 + -000 — +893 + +535 + +269 — 3-9 
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These resulted in the normal equations, 


8-200x — -160y —1-1282 + -837u + -4738v 
2-702 + -000 + -144 4+ -460 

2-529 — -231 + -083 

1-237 + -119 

1-170 


from which corrections were found as follows:— 


by = +-37 km. 
dK, = a 88 km. 
5K. = +1-77 km. 
b¢_—= +-031 

dw = —0°-0 
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While the differences between equation and ephemeris residuals were in perfect 
accord, showing that one solution was sufficient, yet the agreement was not markedly 
improved, the sum of the squares of the residuals for the normal places being reduced 


merely from 367 to 358. 


ELEMENTS OF ORBIT 


Element Preliminary Final 
VPsyindes hoe a OC Eo eC or ieris eee 7-974 days 7:974 days. 
Oh. 5 6.5 Sp RS Eee: OREN Ie ha cep oat Reece -05 081 + -005 
OTE TTT oss Sons te as Ie a lalsieuin dole SIaCOTs ome ils, Bete loys areke 90° 90°-0 +2°-84 
E5Ips 53 6 0 SOR Ret OSES EEL CCITT RI et rr 270° 270°-0 +2°-84 
ie chs 0, 1 5 RO DLO ILS Oo EOC CORES AEG: PTE 5 Pa Onan —11-0 km —10:63 km. +1-94 km. 
TERRE coe ac Kgs IS. Mest AE AIRES set's, ato in unt 61-0 km 60:12 km. +3-24 km. 
oR eos erect ieee ris ene MOT «apenas 67-0 km 68-77 km. +3:-35 km. 
GO .8 bchts ek Oe nee cca OER RM te OR oe ea cee Re [PR A es ae, J.D. 2, 423, 216-694 
CTESITING Seite Vs RE Se he oy eS eT A OES orate | tee haa cae: | 6,570,700 km. 
GSU G,, 5 ey SSMS borne GRO Otte corn c, outs RENE A y ce e ee IRT O  reRa 7,516,000 km. 
SDE Ti, OS 5 SR te RO OURO TNO NEN Cire o OE CRORES CS CRB geese eke eer Romeo Serre ce 0:94 © 
DST Di ule Ge ne DTIC OO OCR SO cotphna 1 Den erroicaar cied [Eero roi, a RMN eae 1:07 © 

The graph represents the final elements, the broken circles representing component 

bie 


September, 1925. 
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Fig. 2. Radial Velocity Curves of a2 Coronae Borealis. 


H. Re 7267 


Abstract.—Twenty-three spectrograms of which sixteen show the component spectra in about equal intensity, 
were made the basis of the determination of the elements of the spectroscopic orbit. The period obtained was 
4-812 days, eccentricity -073, and semi-amplitude of both components 86-0 km/sec. 


The star H.R. 7267 (1900 a=19h 04-2m, 6=+16° 42’, visual magnitude 6-46 and 
type F5) was discovered to be a spectroscopic binary here by W. H. Christie in the summer 
of 1923 from four plates, two of which showed double lines. The results of these, modified 
by the writer’s measures of the same plates, appear in the Table of Observations. 


In all, thirty spectrograms were secured with the single-prism equipment, giving 
a dispersion of about 29 angstroms per millimetre at Hy. Two of these were not measured 
as the lines were seen to be partially superposed. Five others which were measured were 
afterwards rejected for the same reason. There remained seven plates showing the lines 
as single and fairly sharp and sixteen others with the lines sufficiently resolved for measure- 
ment, and thus the solution is based upon the equivalent of thirty-seven plates. 


In general the spectra are of about equal intensity so that it was difficult to differentiate 
between them; nevertheless the assignment made when the plates were measured turned 
out to be correct in about ninety per cent of the cases. The plates were measured on 
the micrometer engine, about 10 to 15 lines being measured on all but one or two weak 
plates. The data of the plates are given in the following table, the successive columns 
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denoting the plate number, the date, the Julian date given in Greenwich Mean Time as 
used prior to 1925, the phase reckoned from the final elements, the velocities with their 
corresponding weights and residuals from the final curve. The residuals, in the sense 
observed minus computed, are shown only for the cases in which the lines are resolved. 
The probable error of a plate for component I is +2-89 km. per sec., whilst for component 


II it is +3-71 km. per sec. 


OBSERVATIONS OF H.R. 7267 


Component I 


Plate Date Julian Date Phase ———__—___—_——— 
Vel. Wt. O-C 

9213 1923 July 27 | 2,423,628-819 3-009 + 3-9 2 

9244 Aug. 4 3, 636-747 1-313 —73-4 a —2 

9266 ‘5° 8 3,640-751 0-505 + 7-0 3 

9291 «14 3, 646-805 1-747 —68°3 3 +1 

9987 1924 May 19 3 925-954 1-800 —66-1 3 +2 

10245 July 7 3,974-843 2-569 + 2:5 1 

10535 Aug. 25 4 023-731 3-337 +64-0 3 +8 

10567 Soa) 4 027-726 2-520 —29-5 1 —7 

10592 Sept. 1 4,030-711 0-693 

10624 iG 4,035-775 0-945 —48-0 2 +4 

10777 eG 4,055-661 1-583 —72°-5 3 .| +0 

10849 Oct. 9 4,068 -690 0-176 + 7-1 3 

10907 2G 4,086 -640 3-690 +84:-6 3 +0 

10909 co 4,090 -624 2-862 + 5-6 2 

11612 1925 May 11 4,282-949 2-707 + 6-6 3 

11746 June 18 4 320-890 2-152 — 60-6 3 —9 

11843 July 6 4 338-827 0-841 

11901 oes: 4 ,350°777 3-167 + 3:3 1 

11967 ae 20) 4,358 -878 1-644 — 66-6 3 +5 

11978 nT 4, 359-798 2-564 + 3-9 1 

11990 P29 4,361-750 4-516 +81-3 3 —2 

12003 ‘E130 4 ,362-744 0-698 +19-0 1 

12014 fame) 4,362-916 0-870 —45-7 1 +0 

12029 Aug. 1 4, 364-856 2-810 + 8-0 3 

12042 se ee 4, 366-756 4-710 +70°4 3 +3 

12049 ais 4, 366-922 0-064 + 6:8 1 

12059 Ss 5 4,368 -703 1-845 —68:5 3 —1 

12067 a +) 4,368-881 2-023 —60-1 3 —1- 

12074 gra G 4369-788 2-930 + 9-0 3 

12093 a OY 2,424 375-739 4-069 +99:-8 3 +2 


-0 


Component II 


+78°5 3 —10-5 
+95-9 3 + 7-4 
+86:3 3 + 0:3 
—44-7 3 — 6:3 
+43-2 1 + 3:3 
+72-3 2 ae eu 
+88 -4 3 = G04 


| 
oO 
= 
i) 
w 
+ 
ns 
© 


+725 3 ndtol 
+89-9 3 tet 
560-13 28 
ATS 1 +15-0 


—50-4 3 ih 
Olah: aS + 6-9 
Ayo ND 4. 3-0 
=730 1 8 + 6:3 


The period was found to be 4-812 days and was deemed sufficiently well determined 
without including it in the least-squares solution. The observations were grouped accord- 
ing to phase into 22 normal places, 12 representing component I and 10 component II. 
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NORMAL PLACES 


Mean Mean Wt. O-C Mean Mean Wt. O-C 

Phase Vel. Final Phase Vel. Final 
1 2-853 + 6-9 1:3 —2-2 12 2-520 —29°5 0-1 — 7-2 
2 3°337 +64:-0 0-3 +8-0 13 3-337 —44-7 0-3 — 6-2 
3 3-690 +84:6 0-3 +0-9 14 3-690 —61-2 0-3 + 4-9 
4 4-069 +99°-8 0-3 +2:-0 15 4-069 —73°9 0:3 + 6:3 
%) 4-516 +81:°3 0-3 —2°5 16 4-516 —69-1 0°3 — 2-9 
6 4-710 +70-4 0-3 +3-4 iy 4-710 —50-4 0-3 — 1-0 
7 0-340 + 7-0 0-6 —6-9 18 0-920 +74-2 0-3 + 6-1 
8 0-920 —47-2 0-3 +3:°-3 19 1-313 +78-5 0-3 —10-5 
9 1-313 —73°-4 0:3 —2-0 20 1-724 +90-4 | 1-5 + 1-5 
10 1-724 —68-4 1-5 +2-9 21 2-088 +74-8 0-6 + 2-0 
11 2-088 — 60-4 0-6 —5-2 22 2-520 +43 -2 Q-1 + 3-3 


From graphical methods the following preliminary elements were decided upon. 


PRELIMINARY ELEMENTS 


P = 4.812 days 

€ = -05 

Wy = 60° 

@e = 240° 

Ky = 84 km. 

K, = 84km. 

y = +10-05 

T = J.D. 2,423,630 -622 


From these elements there were built up a set of observation equations connecting 
the residuals with the elements and of the form given in Dominion Observatory Publica- 
tions, Volume I, page 327. Since the eccentricity was small the element T was dropped 
from the solution, otherwise two sets of coefficients would be practically the same and 
the solution therefore indeterminate. For the sake of homogeneity the following sub- 
stitutions were made :— 


x = by 

y = 6K 

7 = OKs 

u = 100-de 


v= —100-dw 
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OBSERVATION EQUATIONS FOR H.R. 7267 


t ceQ a ei guerre MENON 1-000x 
Sire ate Tess ie Sai oa 6 1-000 
Slo lal ult beh aE rae 1-000 
Me eS hrs 1-000 
RO haetteeys Gomera abe x ees 1-000 
ORR EL: senicht ia Sian td 1-000 
(022 AROS OF ore ERO ES 1-000 
bce res Caen cae eee 1-000 
Oa Ceara oe sn 1-000 
INU 5 0 See Seen Cee 1-000 
PUR ricia cic fans aN iG 1-000 
Dee, terety a2 cere ia, 8 1-000 
LT Va oye) Oe a ee cere 1-000 
aL eR, a ae eat RS cas ha 1-000 
13): cache eapue ene PRR ccc Seer 1-000 
les Pe ee EE, Rera ere 1-000 
INAS 3s Bic gee er oes eee 1-000 
SRE cen eee ins: 1-000 
ROME Nae te Sees < 1-000 
PAD gk 8 Se Ee ee 1-000 
Bes REE ae EC 1-000 
SOA. RLISGeT Oe age 1-000 


P+ e4+44 


+++et+4+444 


-032y 
590 
“895 
025 
-838 
646 
-060 
672 
935 
-948 
-759 
355 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
-000 


-000z 
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eae Se I 
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From these there resulted the normal equations :— 


10-500x  —1-119y 
3-101 


+1-197z 
+ -000 
3-098 


= Cit 
—1-034 
—1-003 

4-127 


+ 
+ 
+ 


-520V 
324 
-326 
056 
2-854 


}++++4+4+ 1 
S 


| 
ns 
oo 
oO 


esta 
[op] 
or 
“N 


+++ 
ie 
& 


+15-460 
— 5-815 
— 3:Ol1 
= 07 oU0 
— 6:274 


which gave corrections to the preliminary elements as follows :— 


oy 
dK, 
6K, 
6e 
bw 


I 


—1-25 km. 
+2-03 km. 
+2-04 km. 
+ -023 
—0° 84 


0 
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Hence the final values of the elements with their probable errors attached are the 


following :— 


a, sin 2 
dz Sin % 
~m, sin’ + 
Mz sin® 7 


FINAL ELEMENTS 


4-812 days 
-073 
59°-16 
239°-16 
86-03 km. 
86-04 km. 
+8-80 km. 


J.D. 2,423,630 - 622 


5,677,400 km. 
5,678,000 km. 


1-26 © 
1-26 © 


The solution improved the agreement and resulted in a lowering of Ypvv for the 
normal places from 247-4 to 184-9, a matter of twenty-five per cent. The graph accom- 
panying represents the final elements, the full circles representing component I and the 


broken circles component IT. 


August, 1925. 


0 Days 1:0 


3:0 4-0 5-0 


Fig. 3. Velocity Curves of H.R. 7267 Showing Grouped Observations. 
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H. R. 8257 


Abstract.—Thirty-two spectrograms of this double-line F-type star, on twenty-three of which both sets of lines 
were measured, form the basis of the determination of the elements of the spectroscopic orbit. One spectrum is 
considerably stronger than the other though the masses differ only in the ratio of 65 to 52. The period is 12-21 days 
and the eccentricity +318. 


The star H.R. 8257 (1900 a=21h 30m-9, 6= +27° 46’), whose visual magnitude is 
6-35 and type F38, was discovered by the writer to be a spectroscopic binary from the 
first plate taken on October 8, 1923, as two sets of spectral lines were recorded. Six 
plates were secured that year, eleven in 1924 when the period was found, and fifteen in 
the present year. Of the total of thirty-two plates there were twenty-three showing the 
component spectra sufficiently resolved to be measurable so that the determination is 
based upon nine single line and twenty-three double line plates, or the equivalent of 
fifty-five plates. They were all made with the single-prism equipment giving a dispersion 
at Hy of 29 angstroms per millimetre. 


The plates were all measured on the micrometer engine the number of lines measured 
in each case being given in the table of observations. The spectrum lines of the main 
component are always stronger than those of the secondary, but the ratio does not appear 
to remain constant. This variation might repay a fuller study than the writer has given 
it, but in general it may be stated that when the main component is receding from the 
earth in its orbit the lines are more nearly equal than when it is approaching. In the 
former case a ratio of probably 3 to 2 would be a fair estimate of the relative intensities 
of the two sets of lines whilst in the latter case the difference in intensities is much greater, 
the main one having two or three times the intensity of the secondary. The lines that 
are completely free of any vitiating effect of neighbouring lines in spectra of this type 
made with single-prism dispersion are limited in number but the above estimate of the 
relative intensities does not seem to be overstating the case. 
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OBSERVATIONS OF H.R. 8257 


Plate Main Component Secondary Component 
Number Date Julian Date | Phase = rae 
Vel. | Lines] Wt.| O-C Vel. | Lines | Wt.| O-C 

9496 19238 Oct. 8 |2,423,701-701 3°8438 | —85-5 10 ay ae ell, Se ed: 6 2\1— 0-8 

9527 HE Ws 3,705-714 7-856 | —44-2 | 1-19 S}) ae Wes 

9540 So 22 3,715 -628 5-560 | —81-2 6 2) 8 (| ae LOG 6 2 |—10°8 

9565 26 3,719-740 9-672 | —13-9 13 3 | — 3:9 

9593 Nov. 5 3, 729-692 7-414 | —45-0 | 1-19 37) =i 

9645 Dec. 7 3, 761-646 2°788 | —83-9 7 2) — 2-5) = 1:2 { 2i— 5-9 
10248 1924 July 7 3,974 -907 8-429 | —42-7 | 1-19 aya tesa! h 

10332 Sar. «, 988-880 | 10-192 | + 5-1 13 3°) -F 10) — 99-7) 10 3 /— 0 
10594 Sept. 1 4,030-779 3:251 | —83-4 11 34| + 0°12 | -- 16:0 5 Date Sad 
10625 nO 4,035-836 | 8-308 | —41-5 | 1-19 3 | — 469 

10635 ss 8 4,037-808 | 10-280 | + 6-8 15 3] + 2-8 | —114-3) Il 3 |—12-0 
10726 Se Bless 4 044-772 5-034 | —81-8 10 3 | — 48] — 5-6 6 2 ie? 
10780 te AS 4 055-746 3°798 | —82-2 11 3} + 1-2 | - 11-6 5 2 \+ 4-0 
10811 Oct. 2 4,061-799 | 9-851 | — 5-4 12 1 — Oma —— Oa 6 2\|— 2:8 
10851 re SY 4,068 +756 4-598 | —81-0 14 3) O54 6-0) 7 2 (+ 2-6 
10911 Bul 4,090-705 2-127 | —75-2 VG 3 0-0} — 10-3 5 2\|— 6:7 
10987 Nov. 28 4,118-648 5-650 | —68-7 12 Smit eee EDO) 5 2 |— 8:0 
11090 Dec. 23 4,143 -564 6-146 | —57-4 20 P| qe e)0% % 

11613 1925 May 11 4,282-985 | 11-257 | +21-4 18 A ea tO) ts 3 5-0 
11672 we 5) 4,296:936 | 0-788 | —33-3 16 om |e Oe 

11847 July 6 4 338 -932 6-154 | —54-9 19 2} +11-5 

11875 Be AG) 4342-939 | 10-161 | + 2-1 14 ay if se Wels) i a lal) 6 2 2-2 
11903 el 4 350-829 5-841 | —66-0 13 3 | + 3°8 

11984. ney 4,359-916 | 2-718 | —74-0 13 3 | + 7-2 | + 18-1 2 1 |+13-4 
12045 Aug. 3 4,366-846 | 9-648 | —12-2 9 3 | — 2-2 | — 83-7 5 2a Mee 
12050 3 4,366-963 | 9-765 | —12-6 9 3 | — 5:3 | — 86-6 5 2 i+ 1-0 
12120 eal 4,380-747 | 11-339 | +17-8 10 3 | — 2-2 | —125-4 8 2\|— 2-8 
12126 sek G 4,380-918 | 11-510 | +23-3 12 3 | + 3-4 | —131-3 7 2\— 8:7 
12183 “29 4,392-657 | 11-039 | +20-3 16 4; + 3:0} —118-7 9 2 \+ 0-7 
12186 e259, 4,392-806 | 11-188 | +17-5 13 3 | — 1-9 |} —116-6) IY 214+ 5:4 
12203 ae 4,393-686 | 12-068 | +15-7 16 4/-+ 7-0] —111-0} 14 3 |/— 5-0 
12256 Sept. 11 |2,424,405-791 | 11-963 | +15-5 10 3 | + 4-0 | —124-6) 5 2 |—13-2 


ps 


| 
} 
| 
| 


The period determined from the three seasons’ observations is 12-21 days, and it 
was not included in the least-squares solution. The observations were grouped according 
to phase into 20 normal places, 11 representing the main, and 9 the secondary component. 
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NORMAL PLACES 


Mean Phase O-C Mean Phase O-C 
[a ee Mean Wt. ee | Mean Wt See eae oes 
Prel. Final Vel. Prel. Vinal Prel. Final Vel. Prel. Final 
ik 3°125 3:627| —83-7} 0-9) + 4-0 0-0} 11 1-999 2-501) — 76-9) 0-8) + 6-44 + 2-8 
2 4-500 5-002} —81-4) 0-8) — 2-2 —4-0|} 12 3-125 3-627} + 11-4] 0-6) — 3-5) + 3-7 
3 5-405 5-907} —62-9} 1-0] + 7-1 +6-6] 13 4-314 4-816) + 0-2) 0-4) — 5-7} — 1-2 
4 7-500 8-002} —438-4) 1-2) — 1-8 —1-3) 14 5-103 5-605] — 15-8) 0-4) —11-6) — 9-2 
5 9-193 9-695) —12-9) 0-9} — 1-4 —3:7| 15 9-204 9-706) — 85-2) 0-44 + 0-9) + 1-2 
6 9-504; 10-006) — 1-6) 0-6) + 3-8 +0-6)) 16 9-504! 10-006) — 95-2} 0-44 — 1-44 — 0-5 
« 9-734) 10-236) -+ 6-0) 0-6) + 6-9 +3-0! 17 9-734| 10-256) —107-0) 0-6} — 7-2) — 5-8 
8 10-751} 11-2538) +20-2) 1-7) + 4:3 +0-5) 18 10-764] 11-266) —121-4) 1-1) + 0-7; + 0-8 
9 11-521}; 12-023) +15-6) 0-7) + 0-8 +5-3] 19 11-480} 11-982) —116-4| 0-5) + 4-9) — 4-4 
10 0-286 0-788} —33-3} 0-3} —10-1 +0-2!) 20 1-988 2-486) — 1-0) 0-5) — 9-9) — 3:°5 


From graphical methods the following preliminary elements were decided upon. 


PRELIMINARY HLEMENTS 


Poe =") 2-2) days 
e = pr o7 
. eye = 660° 
wpe = 02407 
y = —43-48 km. 
K, = 53 km. 
K, = 70 km. 
TY = J.P 2;423,710-570 


From these elements there were built up a set of observation equations connecting the 
residuals with the elements and of the form given in Dominion Observatory Publications, 
Volume I, page 327. For the sake of homogeneity the following substitutions were made. 


x = oy 

y = 6K 

aes OLS 

uw = —100=d¢ 

v = —100-6w 
w = 60-511 oT 
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From these there resulted the normal equations :— 


aly 1-000x 
2. 1-000 
Oper a 1-000 
ee Te Rea 1-000 
SUE ea, ese 1-000 
Oia 1-000 
Res 3 SRR 1-000 
8. 1-000 
ee 1-000 
LOR eS. 1-000 
LU eed Mere ee 1-000 
1s 1-000 
By, eae ae 1-000 
WAR Piss 1-000 
Leys: aN 1-000 
Gee 1-000 
Ae 1-000 
Lae 1-000 
LORE 1-000 
PRUE, doen 1-000 
14-400x  +1-896y 
5-744 


OBSERVATION EQUATIONS FOR H.R. 8257 


-675 
-500 
-036 
-603 
-719 
“804 
ala 
-100 
+383 
-751 
-000 
-000 
-000 
-000 
-000 
-000 
-000 
“000 
-000 


+ ae 


t+++t++t++44i 


—1-425z 
+ -000 
3-768 


-834y 


b+++t+4+4t4+44+4444+ 


-+ 


-000z + -357u 
-000 + -514 
“000 = cr 38 
000 — +123 
-000 — +536 
“000 — 000 
-000 — :538 
-000 — :064 
-000 + -556 
-000 == ONWAS 
-000 == PAID) 
“854 — -472 
“705 — +686 
-562 — +605 
-609 ae EAN! 
‘719 ae oefasll 
804 se 07) 
123 + 076 
“112 — 09 
-748 + +290 


‘013u — -456v 
1126) sah 2-200 
-884 — -281 
2-875 + -680 
1-220 


+ 


b+t4+t+ 144441 


a 


-O91v 
-145 
-251 
+379 
+328 
-292 
+259 
-000 
+329 
664 
+366 
-120 
-158 
-290 
-431 
»386 
+342 
-004 
-408 
-486 


-259w 
-410 
-497 
-714 


+-1:076 


1-160 


which gave corrections to the preliminary elements as follows:— 


oy 
dK, cS 


5K, 


6 
) 


. 


0 


é 
q) 


T 


+ -31 km. 
—1-05 km. 
—4-76 km. 
— -002 
—13°-21 


— -502 days 


| 
56 
w 
S) 


b+t+4+++4+444 1 


| 
tw 
I 
So 


— 6-630 
—2-570 
+9-602 
+ 1-092 
+3236 
+7-795 


blest lest 


wWeOOOoOnRaWw 
CONIWNhOCANIAREHDdHDOSOHhOENS 


b+tit¢+4+i4i 1 


a. 


— 


—_ 


ee Ab 


to} 


Bote Or 


\ 
o 


—100 


—120 
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Hence the final values of the elements with their probable errors are the following :— 


a; sin 2 
Qe Sin 2 


m, sin? + 


Me sin? % 


FINAL ELEMENTS 


12-21 days 

318 + -019 
46°-79 +3°-48 
226° -79 +3°-48 
51-95 km. +1-23 km. 
65-24 km. +1-54 km. 
—43-17 km. +0-74 km. 
J.D. 2,423,710-068 +-089 days 
8,269,800 km. 

10,385,200 km. 

0:97 © 

0:77 © 


The solution improved the agreement considerably, resulting in the lowering of 
Ypvv for the normal places from 440-9 to 163-5. The probable error of a plate for com- 
ponent I, i.e. the main spectrum, is +3-2 km/sec., and for the secondary +4-7 km/sec. 


The graph represents the final elements, the full circles representing the main and 
the broken the secondary component. 


September, 1925. 


BeBe eee Hoon 
N aa ; 


A}. 


0 Days 2 


4 
Fig. 4. Radial Velocity Curves of H.R. 8257. 
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THREE SPECTROSCOPIC BINARY ORBITS 


By 


J.S. PLASKETT 


ABSTRACTS 


21 Cassiopeiae.—The orbit of this eclipsing variable undertaken at the suggestion of its discoverer, Stebbins, is 
of special interest on account of the opportunity given by its fine-lined spectrum and the practical coincidence 
of photometric and spectroscopic observations to test the differences in phase obtained by the two methods, previously 
observed by Schlesinger and the writer in other Algol variables. The paper is in two parts on account of the first 
part being completed before the photometric data were available. The first part contains the elements determined 
by 25 spectra well distributed over the velocity curve and corrected by least-squares for K, e,w and y. The difference 
between spectroscopic and photometric minimum is 24 minutes, considerably too large apparently to be chargeable 
to accidental error. It was, therefore, considered desirable to observe further around minimum and 13 additional 
plates were obtained about a year later, all within a quarter of a day of minimum. As the final photometric orbit 
showed negligible eccentricity a second and third solution, assuming circular orbits and with and without the 
additional plates, were made. These reduced the difference of phase to about 4 minutes, well within the accidental 
error. The reasons for the change and the probable effect of similar procedure on the earlier observed differences 
are discussed. The spectra around minimum show a rotation effect which appears to indicate identical values of 
the periods of rotation and orbital revolution. 


Boss 3354.—This double-lined A-type binary discovered in 1919 by the writer was further observed in the 
summer of 1924. The orbital work followed the usual course resulting in the elements P =3-28655 days, e= -0408, 
T=J.D. 4226-669, w =211°-05, Ki =108-34, K,=128-863, y= —0-05. The masses are m, sin??=2-470, m2 sin?i= 
2-08© while the projected semi-axis major is 11,880,000 km. 


H.D. 191201.—The first plate obtained showed double lines of separation 360 km., and the orbit was determined 
from 36 plates. The star is of type O9 to BO and the lines, especially of the secondary, are very difficult to measure 
indicated by the high probable errors of +9-9 and +25-2 km. per sec. Least-squares corrections for all the elements 
were carried through and a satisfactory orbit obtained. The star is unusual for its high eccentricity of 0-26 and the 
masses also are large, the minimum masses being 13-8 and 12-9 times the sun. From probable estimates of density 
and calculated values of surface brightness it seems certain that this star must be at least 5,000 light years distant. 
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THE ORBIT OF 21 CASSIOPEIAE 
PART I 


The spectroscopic observation of 21 Cassiopeiae, R.A. Oh 39-0m, Dec. +74° 26’, 
Vis. Mag. 5-59, Spectrum A2, was undertaken at the kind suggestion of Professor Stebbins 
who had discovered its variation in light by the photo-electric photometer. The nearly 
simultaneous observation photometrically and spectroscopically, with -the fine quality 
of the spectrum for measurement, offered a good opportunity of testing the coincidence 
of spectroscopic and photometric phases of which many puzzling discrepancies in the 
Algol variables have been found. 


The spectrum of type A2 is of fine quality for measurement, containing numerous sharp 
metallic lines, of which about 20 were measured on each plate. Consequently, the 
measures are reliable as indicated by the low probable error for single-prism plates of 
+1-24 km. per second. For the measures of 19 of the 25 plates used in the orbit, the 
writer is indebted to Mr. S. N. Hill, computer at the observatory, and the accuracy of 
his measurement is well shown by the low probable error and the close fitting of the 
observations to the velocity curve. There seems, in the plates obtained for this solution, 
to be no evidence of any rotational effect near the time of eclipse, and apparently any 
deviation from simple elliptic motion thereby produced is negligible so far as these first 
observations are concerned. Dean B. McLaughlin, of the Detroit Observatory, proposed 
to examine 21 Cassiopeiae with this end in view, but at the time of writing no resuts are 
at hand. 


The first spectrum was obtained on June 29, 1924, and between that date and October 
18 inclusive, 25 spectra were obtained of which all but one by the short-focus camera were 
made with the medium-focus camera giving linear dispersion at Hy of 29 A per millimetre. 
These observations arranged in order of final phase are given in the following table, which 
is self-explanatory. It should, however, be mentioned, owing to the importance of careful 
timing in comparing photometric and spectroscopic phases, that the average exposure 
time was about 12 minutes, so that there is little room for uncertainty in assuming the 
mid-exposure as the true time of the observation. Further, although normally the 
observing clock may have a correction of two or three minutes, unimportant in most cases, 
the correction, on each night on which 21 Cassiopeiae was observed, was obtained by 
computing from the recorded initial hour angle of every observation of the night and 
averaging. Hence the clock correction and the time of each observation of 21 Cassiopeiae 
was determined certainly within a minute which, when spread accidentally over 25 
observations, would make any uncertainty on this score a matter of a few seconds only. 


The velocities given were very carefully determined and are in most cases the mean of 
two, and sometimes of three, individual measures. 
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TABLE I.—OBSERVATIONS OF 21 CASSIOPETAE 
Plate Julian Final pees Rondunls —_ 
Number Date Phase Obs’d. Comp. Prel. Final 
WOG 2s cy sane: 4039 - 892 0-020 —§2-2 —51-41 +0-93 —0-79 
LOR CAS wens Ae 4071-760 0-617 — 2-0 + 0-16 —0-62 —2-16 
WOGO 2s Sepa 4031-894 0-956 +36°-6 +34-41 3°36 +2-19 
TOGO ZR en. 4040-908 1-081 +40:7 +41-36 +0-43 —0-66 
ROZOG rer nici en 4009-961 1-359 +65:-8 +66 -28 +0-38 —0-48 
LOSES ee Oa ats 4018 -943 1-408 +70-1 +69-01 +1-93 +1-09 
LOST O Fea yes. cette 4063 - 663 1-455 +70-7 +71-44 -+-0-06 —0-74 
MO 200. Faeas wis casei 3969-951 1-554 +77-9 +75-87 +2-72 +2:-03 
9 PAH arama oe cleanse 3978 -960 1-628 +76-1 +77-86 —1-14 —1-76 
HOS Mees cic ds si: 3996-961 1-761 +78°7 +80:-14 —1-03 —1-44 
DOO, ocd lacs 4005 -968 1-833 +80-4 -+80-40 +0-27 0-00 
LOSSOR5ee 16, so. 2 4077 -684 2-074 +74:5 +76-31 —2-15 —1-81 
TOSSA a es oe: 4068 -851 Palys +72-0 +72-42 —1-07 —0-42 
MOSO gece ty 4010-953 2-351 +66-7 +62-88 +2-45 +3-82 
O22 as ace sles © 3970-954 2-557 +45 -2 +47-81 —4.64 —2-61 
RUSS oe ts 3979-947 2-615 +45-9 +42-95 +0-73 +2-95 
TSS as ee Oe 4064-828 2-620 +40-5 +42 -53 —4-46 —2-23 
HOSE cry aes yer 3997-937 2-737 +35:4 +32-06 +0-77 +3 -34 
HOU Sincere chs... = 3966 -959 3-029 Seo jn owl —4-50 —1-41 
WOZSOR AEs. 20 3975-960 3-096 — 2-9 — 2-90 —3-11 0-00 
2 eee 4002-981 3-313 —25:-5 —23-51 —4-84 —1-99 
LOGS Renee 4020-967 3-431 —33-6 —33-71 —2-43 +0-11 
NOVO RS Sans 4056-753 3-479 —37-8 —37-54 —2-65 —0-26 
OE GOR apt ees eee 4007-971 3-836 —56-6 —58 -60 +1-25 +2-00 
NOT SO esas teens 4003-961 4-293 —60-2 —60-11 +1-19 —0-09 


The preliminary period, given by Stebbins from the photometric measures as 4-4672 
days, was accepted and, from the velocity curve plotted with this period, the usual method 
of trial and error determined preliminary elements given in Table II. From these pre- 
liminary elements observation equations were formed by Schlesinger’s method including 
as unknowns e, K, y, and w, but not P or T, the former being considered as determined 
by the photometric work and, the latter, owing to the small eccentricity, being indeter- 
minate when corrections for both T and w are attempted. 

From the observation equations the following normal equations were obtained in 
the usual way: 


Their solutions gave for the unknowns:— 


1% 
K 
T 
€ 


and the final 
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25-000F + 7-242« + 3-758r —9- 
-925% 1: 
+12-155r —1- 
+6: 


I 


+ 


+12-842« — 


-4287 
1374 


= —2-2695 


+1-6506 


whence 


values of the elements. 


oy 
6K 
Ye) 


oe 


9le = —16:17 

366e = +. -890 

97le = —24-392 

355e = +11-311 

= — :232 

= — -137 +0-43 

= -+1°-805. 40°-318 
— -0100 + -0057 
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TABLE II—ELEMENTS OF 21 CASSIOPEIAE 


Element Preliminary Final 
PaERGriOd Me mereka Pe oD char ee teen er 4.4672 4.4672 days 
GCOS NABOUNP Sor oconbanncdte ame Dahoy Oboe aadon. GuOok 0-03 0-0200 +-0057 
Gy IAA VO ACRES wnoongaog eos MoonAn as eosnonoponaoodas 210° 211°-805 +0°-318 
AD GNC LOSER er oat aa aU peo emees otal ondaa ool 3963 -930 3963 - 930 
1, Sormiginelhinitlyccoodeoceudens tagooen pa ocoounccougeno. 72-0 71-86 +0-43 km. 
ay MAlcti7 OUS Git. soe sued oncmes sagononedodo > socdaner +10-0 +9-77 km. 


The sum of the squares of the residuals, all the observations being given equal 
weight, was reduced by the solution from 151-7 to 81-5, and the probable error of a 
single plate becomes +1-24 km. per second. From these elements are readily obtained 


a sin 2 = 4,414,300 km. 
Se ata (Ogee 
(7m, -++ m2)” is 


The times of principal and secondary minima when u equals 90° and 270° respectively, 
correspond to phases in the orbit from periastron of 2-980 and 0-698 or to Julian times 
3966-910 and 3964-628. According to the preliminary value kindly sent by Stebbins 
the time of principal photometric minimum is 3966-893 days, a difference of -017 days 
or 24 minutes. The probable error of the determination of w is +0°.318 or translated 
into time +-004 days, about 6 minutes, so that the difference appears large to be con- 
sidered accidental. In order to check whether a different method would change this 
difference, a new solution, assuming w fixed and correcting for T, was made, resulting in 
practically identical values of the time of spectroscopic minimum. 


PART IT 


Shortly after the above spectroscopic orbit was completed and the results sent to 
Stebbins, he sent to us a final value of the period and preliminary values of the times of 
principal and secondary minima as obtained by Mr. Huffer. The final period is 4-46718 


days instead of 4-4672, while a comparison of spectroscopic and photometric minima is 
given below :— 


Spectroscopic Photometric Diff. Days Minutes 
Primary minimum 4,..... 2,423 , 966-910 3, 966-8931 + -017 +24 
+ -004 + -0006 
Secondary minimum ly... 3,969,095 3, 969-1260 — -031 —45 
+ -004 + -0024 
Difference 2—-t......... 2-185 2 - 2329 
PHalithe period... 2 e<:.% 2 +2336 


As the half period differs by less than a thousandth of a day from the interval between 
primary and secondary minima and as this interval has a low probable error and is a very 
sensitive method of determining the eccentricity, there seems to be little doubt that the 
orbit is practically circular and the eccentricity obtained in the above solution arises from 
the grouping of the errors of observation and their adjustment by least-squares. Con- 


sequently, it was decided to make a new solution with eccentricity zero but before doing 
so to obtain additional plates near principal minimum. 
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Thirteen additional plates in the interval between -125 days before and -252 days 
after principal photometric minimum were obtained and measured, their dates, phases, 
observed and computed velocities and residuals along with those of the earlier plates 
being given in the table of observations, Table III, below. Preliminary circular elements 
were obtained from the whole series of 38 plates using the corrected period of 2-46718 
days and initial phase T, corresponding to the time when the velocity curve crosses the 
y line with increasing velocity or when the bright component is nearest the earth and 
hence corresponding to secondary minimum. ‘These are given in comparison with the 
final elements in Table IV below. 


TABLE ITI.—SECOND TABLE OF OBSERVATIONS 


Velocities Residuals 
Plate Julian Final = 
Number Date Phase First 
Observed Computed | Preliminary Final Solution 
1DGO2 Roose aoe 4031-894 0-229 +36-6 +32-61 +3-61 +3-99 +2-19 
TOGO 2 ae 4040-903 0-304 +40-7 +39 -62 +0-65 +1-08 —0-66 
OBO G ety aoc 4009 -961 0-632 +65-8 +65 -46 —0-22 +0-34 —0-48 
TOSWOS See. 4018 -943 0-680 +70:-1 +68 -38 +1-15 +1-72 +1-09 
HOST Ase mets. 4063 -663 0-728 +70-7 +71-03 —0-91 —0-33 —0:74 
BOO Sts cteace ce 3969-951 0-827 +77-9 +75 -60 +1-72 +2-30 +2-03 
LUPO Cece 3978 -960 0-901 +76-1 +78-18 —2-67 —2-08 —1-76 
BOSO TESS cine ts 3996 -961 1-034 +78-7 +80 -97 —2-84 —2-27 —1-44 
NOAG TF ec 4005 -968 1-106 +80-4 +81-44 —1-59 —1-04 0-00 
LOSSO Gorse. 4077 -684 1-348 +74:5 +77-71 —3-66 —3-21 —1-81 
I) 25% ee 4068-851 1-449 +72-0 +73:-79 —2-20 —1-79 —0-42 
TOSOG ES oa 4010-953 1-624 +66-7 +64-02 +2-39 +2 -68 +3 -82 
OBZ Mees cus 3970-954 1-830 +45 -2 +48 -41 —3-33 —3:-21 —2-61 
TODRAL RE ees 3979 -947 1-888 +45 -9 +43 -38 +2-45 +2 -52 +2-95 
HOS Pee ois a- 4064-828 1-893 +40-3 +42 -93 —2-70 —2-63 —2-23 
1OZ00 seceeys 20 3997 -937 2-010 +35-4 +32-09 +3 -32 +3-31 +3:-34 
ASV bale tens ee 4417-951 2-109 +22-7 +22.-45 -+0-34 +0-25 
YO ea 4417-979 2-187 +21-2 +19-74 +1-57 +1-46 
IVEY ES Se reer 4418 -007 2-167 +21-1 +16-70 +4-56 +4-40 
DS Ate. ssi s 4418-041 2-199 +15-2 +13-46 +1-91 +1-74 
T2DS ies. os 4435 -954 2-243 +11-2 + 9-05 +2-35 +2-15 
TO LOE Aan ots 20: 4435 -983 2-272 +10-6 + 6-12 +4-69 +4-48 
A) 2 gee 4427-051 2-274 + 3-0 + 5-93 —2-71 —2-93 
UBAAS eae aces 4427 -064 2-287 + 0:6 + 4-62 —3-79 —4-02 
232 Ome: 4436-011 2-300 — 1-6 + 3-32 —4-39 —4.-92 
TOUS Seeks. ; 3966 -959 2-302 + 2-3 + 3-13 —0-59 —0-838 —1-41 
LO ZO Oe tace stacey 3975-960 2-369 — 2-9 — 3-54 +0-92 -+0-64 0-00 
12474. .20..-. 4431-626 2-382 — 3:7 — 4-82 +1-41 +1-12 
6 (DY: ESS erenemree ce 4431-670 2-426 — 9-9 — 9-12 —0-45 —0-78 
T2476 cavaeue:s 4431-701 2-457 —12-2 —12-11 +0-26 —0-09 
| 17 67 a 4431-728 2-484 —12-3 —14-67 +2-73 +2:°37 
VOSA lee ste 4002-981 2-587 —25-5 —24-09 —0-99 —1-41 —1-99 
HOSS Eee serckee 4020-967 2-704 —33-6 —33-92 +0-80 +0-382 +0-11 
INO PAS PS cee cere 4056-753 2-752 —37-8 —37-62 +0-32 —(-19 —0-26 
NO) Ve yoo prone 4007-971 3-109 —56-6 —57-39 +1-36 +0-79 +2-00 
LOS5O92. aee-oe 4003-961 3-567 —60-2 —58-18 —1-58 —2-02 —0-09 
LOG I2iaeeoe ee 4039 -892 3-760 —52-2 —49-94 —1-93 —2-26 —0-79 
NO Sveecon oe 4071-760 4-358 — 2-0 — 0-94 —1-19 —1-06 —2-16 
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From these observations and the preliminary elements simple observation equations 
for the corrections Sy, 5K and 6T were formed. Normal equations were obtained from 
these 38 observation equations in two ways. First—the first sixteen and the last twelve 
were combined, omitting the ten plates whose phases were between 2-109 and 2-302 
days inclusive, those within 0-13 days from the minimum and in which a rotation effect 
might be present. Second—all the observation equations were combined but the ten 
above mentioned with possible rotation effect were given weight of one-third the others. 
The first set corresponds practically to the solution in part I except that the orbit is circu- 
lar, and the second includes all the observations. If a rotation effect is present the orbit 
and the phase will probably not be affected as the observations, and hence the residuals 
from the rotation effect, are symmetrically distributed about the minimum and indeed 
this seems to be shown by the very small differences between the» two solutions. 


First set Normal Equations—omitting those within -13 day of minimum:— 


28-0005y + 5-43856K + 6-3216T = —2-970 
+13-0486K — 2-1806T = —8-246 
+14-:9496T = +83-660 
Second set Normal Equations—all plates included :— 
31-6006y + 5-4476K + 9-9056T = —0-480 
+13-07965K — 2-1695T = ~7-688 
+18-51765T = +6-199 
The solution of these two normal equations gave for the corrections :— 
1st Normals 2nd Normals 
by = —0-080 +0-307 km. — -026 +0-297 
5K = —O0-591 +0-447 km. and +0-425 
6T = +0-00169 + -00379 days +-00221 + -00355 days 


As is obvious from Table III, the residuals of the 10 plates near minimum are affected by 
the rotation of the bright component and are abnormally high, positive before and 
negative after minimum. Hence the probable errors of the second set have been deter- 
mined by using the probable error of a plate of unit weight obtained from the first set 
and are, as they should be, from the larger number of observations, slightly smaller than 
those of the first set. There result then the following corrected elements. 


TABLE IV 

Element Preliminary Tirst Normals Second Normals 
Pp ee Dente teen eee e eee eee eee 4.46718 4.46718 4-46718 
KES Seml-amMp lider stein ns cs on 72-0 71-41 +0-45 km 71-46 +0-42 
“ Vels Systeme... 5. Sennen +10-0 “29077 E031) km 9.97) 40-30 
el N earest approach JST, goat 3964-655 3964-656 + -00388 days 3964-657 +-00355 
[Aon eNOS, Godan Sma hon oo aus: 3966-889 3966-890 } 3966-891 7 
SECONG Alva TIN VN 3969 +122 3969-123 3069 124 
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The photometric phases of primary and secondary minima are 3966-894 and 
3969-127 from the final T given by Huffer 3716-732 which makes the spectroscopic 
phases as determined from the second set of normals of greater weight, -003 day or about 
4 minutes ahead of the photometric, slightly smaller than the probable error of the spectro- 
scopic determination as compared with the 24 minutes, four times the probable error of 
the earlier solution. It seems hence practically certain, in this case where the spectra are 
capable of accurate measurement, that there is no observed difference in the times of 
spectroscopic and photometric minima, just as there is no known physical cause to 
produce such a difference. The cause of the difference of phase between the earlier and 
the two later solutions can reasonably be ascribed to the fact that the least-squares solution 
simply takes the observations as they stand and changes the elements to make the sum 
of the squares of the residuals a minimum. The difference of a kilometer or so, well 
within the range of accidental error, in a few of the observations, would be sufficient to 
produce such a change in the elements. This is shown by a comparison of the residuals 
from the earlier and later solutions given in the last two columns of Table III where the 
average change without regard to sign is 0-84 km. and the average change when signs are 
taken into account is 0-13 km., and is further shown by the fact that the probable error 
of a single plate of +1-24 km. per second in the first general solution is increased only to 
+1-40 km. per second when the orbit is assumed circular as required by the photometric 
work. 

The relatively large change produced in the spectroscopic phase by a change in the 
method of solution furnishes some clue as to the cause of the differences between spectro- 
scopic and photometric phases first observed at Allegheny and later at Victoria. The 
following list contains the data upon this matter readily available. 


P.E. 

Star Reference t spec.-¢ phot. Single Plate 
AUG meta ed coe aes io ohs Oe ay Mes be Seabee IPO, NB —-070 +1-6 
SSS 2 Ai ae ae eee ener, ee I, 123 —-078 5 +£4-7 
PMTCT CUIS MENT eerie Dh Ae SUN sis tyccas ace Sass a ik, —-016 +-008 +8:0 
lU SE RAUUES. cconereseanate cuaRneReieene tatters ee aa ah eel —-022 +-0116 +8-3 
Ty RAW ie Te ino io a eS eee cen cer RE . Ill, 23 ote aectiiil 25 (07% 
(S. Gore eae ee nee « TII, 49 —-054 +-039 +4.8 
[ZG ASSO DOILC nner aoa aie kc cls laieicas Wd Te Si7 —-:035 +-080 +7-1 
MX@ET Orc W1Sircenpewchaeets cepa ote teres acuers or IDO, 1, alah +-:040 +-005 +2-6 
AS evall DeCUlae rs. seuss atiscus sacs oon s I, 149 +-128 +-010 +1-8 
TEN ID yeeinistne boo on on Garane cemrepetcioS se I, 149 +-019 +-010 +2-6 
fy NYA GMNOYS OU EY o-ck Sm Ie CARS Ce ONCE I, 253 —-014 +-008 +6-0 
MUWA OC ASSIOPCIAG a. teed e toe ve Gea ae ee ie II, 144 —-0045 +-0035 +4-1 
DIESASsONElAC Samy. Maeyy. dice deg ceCeee ean Full solution +-017  +-004 +1-24 
MG ASSO DC) AC. we ain eee tiegn suninthon wees caste Circular orbit —-:003 +-003 +1-40 


In this list Algol and \ Tauri are three-body systems with changing orbits so that 
the values are uncertain, while in RS Vulpeculae the photometric minima were obtained 
uncertainly several years earlier. When the other differences are compared with those 
obtained for the fine lined spectrum of 21 Cassiopeiae, repeated at the foot of the table it 
seems evident, especially when the relative plate errors given in the last column are con- 


a 
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sidered, that they can be similarly explained and that the observed differences are prob- 
ably due to the method of solution coupled probably in some cases with errors in the 
photometric phase or period. 

The accompanying velocity curves (Fig. 1) show the agreement of the observations 
with the curves and the slight differences involved in the two solutions. The second 
shows unmistakably the presence of a rotation effect’ near minimum reproduced on twice 
the scale in the inset curve, the rotationally displaced curve being drawn as smoothly as 


+75 
+50 


+25 


—650 


fel 
Fic 1—Vetociry Curves or 21 CassloperAp 
Urrer Eccenrric—Lower Crrcutar Orsrr 


possible through the observations. Owing to uncertain weather when these were obtained 
and to the loss of brightness due to eclipse, these plates are not of as good quality as the 
others but serve to give an approximate value of the rotation effect. The deviation from 
the sine curve is, at maximum, apparently slightly greater than 3 km. If we take Huffer’s 
values of the relative radii, 0-156 for the bright, 0-076 for the faint star, times the separation 
of the pair, with an inclination of 87°-4, and assume rotation and revolve eas th 

same, the effective displacement roughly calculated has a maximum value of mei 4 ae 
The difference between the observed and calculated values, considering the character of 

1P.A. 32, pp. 21, 225, 558. 
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the data, is not greater than should be expected and so far as the results go they confirm 
the probable hypothesis that tidal effects in such a close pair would equalize the periods 
of rotation and revolution. 


THE ORBIT OF BOSS 3354 


The star Boss 3354, R.A. 12" 48-3™, Dec. +83° 58’, spectral type AO, magnitude 
5:81, was one of the stars of the first radial velocity programme undertaken here and on 
the second plate obtained by the writer on March 25, 1919, the spectrum lines were 
doubled, indicating its binary character. Four plates were obtained in 1919 and one in 
1920, but it was not until last season that further observations were secured. Then it 
was decided to complete the orbit as between 7 hrs. and 15 hrs. of right ascension there 
are very few stars in the programme of B’s now under investigation. Of the 32 spectra 
obtained altogether, only 27 were used in the determination of the orbit as the others were 
in such relation to the crossing points that the lines were not separated and yet were too 
diffuse to be satisfactorily used. 

The spectrum is of type AO with fairly good hydrogen lines frequently well measur- 
able and a number of sharp metallic lines of which 4481 Mg and 3933 Ca are the best. 
The number of lines measured varied from 6 to 10 and for a double-lined spectrum the 
measures seemed fairly reliable and certain so that the relatively high probable error per 
plate of +4-3 km. per second was disappointingly large. Although there is not much 
difference in the intensity of the component lines it was generally possible to distinguish 
between primary and secondary spectrum. 

In the table of observations below are given the serial number, the Greenwich date 
and the Julian date of the observations with the measured velocities of the primary and 
secondary stars. The phase and the residuals, observed minus computed, from the final 
corrected orbit are given in the fourth and the seventh and eighth columns. 


TABLE V—OBSERVATIONS OF BOSS 3354 


Velocities Residuals 

Plate Date Julian Date Phase 
Number Primary Secondary Primary Secondary 

1526 | 1919 Mar. 8 | 2,412,026-907 2-227 te OD ad Bc has + 5-6 — 6:3 

1698 Mar. 25 043-813 2-700 — 88-8 +106 +2 + 0-9 — 0:3 

1734 April 1 050-812 3-126 —104-8 +112-8 + 5:0 —17-5 

1795 April 13 062-782 1-949 + 44:8 — 56-2 — 2-2 — 0-2 
11330 1925 Mar. 18 | 2,424,227-896 1-227 +107-9 —120-0 + 5:5 ar Uo) 
11348 Mar. 23 232-985 3-029 —108-2 +130-8 + 3-9 — 2-5 
11363 Mar. 26 235-925 2-683 — 78-6 +106 -7 Sr) See + 2-8 
11376 Mar. 30 239 -942 0-126 78:0 +100°-8 + 1-1 + 7-0 
11394 April 5 245-834 2-734 —103-2 +115:7 — 9-2 +10-8 
11406 April 6 246 -907 0-519 re ekioh llidtos clap ones a= Bet) + 8-7 
11436 April 8 248-795 2-424 — 48-1 + 60:7 = Sets} + 8-1 
11449 April 9 249-812 0-137 — 76-9 + 89-8 + 0-4 — 1-9 
11467 April 10 250-940 1-265 +108 -9 —120-3 + 5-2 + 3-1 
11476 April 13 253-794 0-833 + 66:6 = 2a + 5-2 + 0:9 
11507 April 17 257 +873 1-625 + 91-6 —110:3 + 0-9 — 2-2 
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TABLE V.—OBSERVATIONS OF BOSS 3354—Concluded. 
Velocities Residuals 
at f lian Dat Phase es : Sats ae 
Norte ia ba: Pes Primary Secondary Primary Secondary 
11516 April 20 260-861 1-327 +106-3 —131-9 +) 1-8 — 7-5 
11535 April 23 263-675 0-854 + 59-7 — 65-9 — 5-1 +11-2 
11540 April 23 263 -809 0-988 + 81-2 — 99-0 — 1-1 — 1:0 
11546 April 28 263-958 1-137 + 96-5 —115-5 = = + 0-6 
11552 April 24 264-847 2-026 + 40-0 — 46-2 + 6-7 — 6-4 
11566 April 27 267-706 1-598 +106 -2 —104-7 +12-8 + 6-4 
11575 April 27 267-944 1-836 + 53-2 — 84-4 —10-3 — 8-7 
11716 June 15 316-724 1-318 + 96-6 —125-2 — 7:8 — 0:8 
11730 June 18 319-800 1-108 + 90-4 —111-6 — 5-1 + 2-0 
11752 June 21 322-826 0-847 + 67-4 — 83-2 . + 3:8 — 7:5 
11774 June 25 326-818 1-553 + 86-2 —121-3 —10°5 — 6-2 
11837 | Julye 16 2,424 , 337-783 2-658 — 82-6 +101-7 + 1-4 + 1-9 


From these observations the period was relatively easily obtained and so adjusted 
by the fitting of the four early observations that it was considered as definitely determined 
at 3-28655 days and the period was not included in the least-squares solution. By the 
usual method of trial and error from the velocity curve plotted with this period the pre- 
liminary elements given in Table VII below were obtained. The 27 observations were 
then grouped into twelve normal places for each component, an ephemeris from the 
preliminary elements computed and 24 observation equations, formed by Schlesinger’s 
method in the usual way, are given in Table VI below. As the eccentricity is small and 
both w and T cannot be accurately determined, the latter was considered fixed and cor- 
rection made for w. The last column of this table contains the final residuals computed 
from the final elements so that preliminary and final residuals can be directly compared. 

TABLE VI—OBSERVATION EQUATIONS FOR BOSS 3354 


Final 
No Wt. if I, K, T € 6V Residual 
i 2 1-000 — -695 0 — -719 — -183 — 2-05 +0:-78 
») 1 1-000 + -032 0 — -999 — -807 + 6-42 +9-00 
3 3 1-000 +-619 0 — -785 — -700 — 0-64 +2-83 
4 1 1-000 + -804 0) — +594 — -487 — 3-87 —1-08 
5 2 1-000 + -925 0 — -380 — -268 — 4-55 —2-40 
6 4 1-000 +-995 0 — -103 — -053 — 0:53 +1-08 
7 3 1-000 + -907 0) + -421 + -033 — 1-35 +1-05 
8 8) 1-000 +-5)1 0 + -860 — -372 —~ 7-66 —2:97 
9 1 1-000 -+--019 0 -+1-000 —-765 + 1-10 +4-31 
10 1 1-000 — -339 0 + -941 — -834 —10-78 —3-79 
11 4 1-000 — -762 0 + -647 — 553 — 8-76 +0-57 
ip, 2 1-000 — -992 0 — -123 + -044 + 0-68 +4-48 
13 2 1-000 0 +-695 + -719 + -183 +10-22 +2-44 
14 1 1-000 0 — -032 -+- -999 + -807 +14-53 +8 -68 
15 3 1-000 0) — -619 Sip, asta) + -700 + 5-97 +0:39 
16 1 1-000 0 — -804 + +594 + -487 + 0:33 —1-02 
WA 2 1-000 0 — -925 + +380 + -268 + 3-78 +0-47 
18 4 1-000 0 — -995 + 03 +-053 + 1-72 —0-80 
19 3 1-000 0) — -907 — -421 — -033 + 3-06 —0-60 
20 3 1-000 0 —-511 — -860 + -372 + 3-33 —3-94 
21 il 1-000 0 —-019 —1-000 + +765 + 4-70 —7-63 
22 il 1-000 0 + +339 — -941 + -834 +20-06 +8-12 
23 4 1-000 0 + -762 — -647 + -553 +14-12 +2 02 
24 2, 1-000 0 + -992 a Sly} — -044 — 0-46 ~ 10-08 
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t 
Irom these observation equations the following normal equations were obtained :— 


54:000r + 6:-0380K; — 6-080K, + -0007 + -000e = —102-288 
+16-080K; + -O000K, — 1:6477 — -644e = 4+ 13-875 
+16:080K, — 1-6477 — -644e = + 73-806 
+21-808r — 1-350e = — 57-945 
+11:004¢ = + 25-508 
The solution of these normals gave the following corrections :— 
€ = -+2-363 whence de — -0092 +-005 
T = —2:119 dow = + -0183 = +1°-05 +0°-44 
Ki, = +3:-863 6K, = +8-8638 +1-07 
K, = +1:345 6K, = +1-345 +1-05 
ro = =—1-618 by = —1-68 
and hence the final elements, Table VII. 
TABLE VII—ELEMENTS OF BOSS 3354 
Element Preliminary Final 
TP VERSE ORs be sectioce oe oeenttot a Roni oki Pec te deci 4) ec aete rt aan a 3° 28655 3+28655 days 
3G NGOS RVGTRT IAS RENAS Sine BNeNC Diclcee SN 2 Be cnOnCnee Recreate 0-05 0:0408 +-005 
MEICOU CUTUCLC‘OL DOCG cents grein coe sienna Teier se Gath, ots ote aus 210° 211°-05 +0°-44 
ERMINE OL PELIASLLOL.,wA) Vert. getoe otters see eee ore ee 2,424, 226-669 2,424, 226-669 J.D. 
ee SeMiieanplitiG e PrUnaryn naps cs | Voey tara ceee mee 107 108-34 +1-05 km. 
Poa SEeMI-anap bude SECON CAL. meg ain rota e rs cece suasts sense oc 125 128-86 +1-07 km. 
Ham ClOCIUVAOL SYSLCI Eno se eee aceite oe ee wre eee «2 +1-63 —0-05 km. 


asin 7 \ Projected sem 
asin a ij 

m, sin%i \ Masses 
msin% f 


LARISA Ola ae ek MOET A ES oe Acta ls. ea Na et oie eh ee 


5,426,000 km. 
6,454,000 km. 
2-470 
2-080 


+50 


2 
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The sum of the squares of the residuals was reduced from 1457 to 711, while the 
probable error of a single plate became +4°3 km. per second for the primary and +4-4 
km. per second for the secondary. The accompanying velocity curve (Fig. 2) has the 
individual velocities indicated by circles. 


THE SPECTROSCOPIC BINARY H.D. 191201 


The star H.D. 191201, R.A. 20" 03-6", Dec. +35° 26’ (1900), visual magnitude 7-12, 
spectral type by H.D. catalogue BO, is one of the stars in the B-type programme under 
investigation here by Mr. J. A. Pearce and the writer. It is one of ‘those allotted to me 
in the division of the stars between the two observers and on the first plate, obtained on 
September 18, 1924, the spectrum showed double lines with a relative separation of 360 
km. Owing to the interest and value of double-lined spectra for obtaining values of mass 
and estimates of absolute magnitude and parallax it was decided to investigate the orbit. 
Spectra of this object were obtained as frequently as possible until December 24, after 
which it was too near the sun to observe. As the spectra were difficult and the behaviour 
puzzling, observations were carried on after it had passed conjunction beginning on 
March 26, and continued until October 1, 1925. Altogether 48 spectra were obtained, 
of which 40 were measured and 36 used in the orbital work. ; 


Although the writer has measured the spectra and determined the orbits of a con- 
siderable number of B and O-type double-lined binaries, in none of them were the measures 
so difficult and uncertain as in H.D. 191201. This is due to two reasons. First, the lines, 
even of the primary, are diffuse and weak, while those of the second component have only 
about half the intensity of the primary, and unless there is a relative separation of nearly 
200 km., the pair are blended with resultant uncertainty of position of the maxima of 
intensity, especially in the case of the secondary. Second, the relatively high eccentricity 
0-26 of the orbit with w nearly zero, makes the proportion of the time when the relative 
separation of the double lines reaches 200 km. only about half the period. Hence, in a 
considerable number of the plates, the lines appeared broad, diffuse, weak and unsym- 
metrical and, especially in the early stages, were measured as single lines. It was only 
after the period, and hence the position of these spectra on the curve, were approximately 
known that it was seen these unsymmetrical lines might be considered as the blend of a 
strong primary and a weak secondary. Considering these spectra as double the plates 
were remeasured, and while the positions of the primary component were fairly well 
determined, probable error of single plate +9-9 km. per second, the uncertainty of the 
positions of the secondary, even with the most careful measurement, is clearly shown 
by the high probable error per plate, determined from all the plates measured, of +25-2 
km. per second. 


The number of lines measured in the spectra varied from 3 to 24, with an average of 
about 8 lines. The type of spectrum given as BO in the Henry Draper Catalogue is in 
reality somewhat “earlier” as, especially in the single-lined spectra, enhanced helium is 
conspicuous and its ratios to 4471 and Hy and the ratios of 4088 to 4097 make the type 
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between O9 and BO. In the single-lined plate of October 12, 1924, in which 24 star lines 
were measured, the lines measured include Hf, Hy, Hé: He 4922, 4713, 4472, 4388, 
4143, 4026; He+ 4686, 4542, 4339, 4200; Si 4574, 4567, 4552, 4116, 4088; N-+ 4097; 
O+ 4651, 4642, 4076; C+ 4267; S? 4254; Ca+ 3967, 3933. As in similar high temper- 
ature stars the lines of ionized calcium H and K are of an entirely different character, 
are sharp and do not share in the displacements of the other lines. 


Of the 48 spectra obtained, 8 were of such poor quality, due to faulty exposure or to 
blend effects, as to be unsuitable for measurement. Of the 40 spectra measured only 36 
were used, the other 4 being so near the crossing points that the blended lines could not 
be resolved and yet too far away to be safely employed as single-lined spectra. The 36 
spectra employed in the orbit are given in the table of observations, Table VIII, below, 
which contains the Greenwich and Julian dates and the final phases of the observations. 
The observed velocities are in many cases the means of two independent measures of the 
spectra while the residuals are obtained from an ephemeris computed from the final 
elements. The velocities from H and K of calcium are given in the last column. The mean 
calcium velocity is —13-3 +0-7 km. per second while the probable error of a measure is 
+3-5 km. per second. The component of the solar motion in the direction of this star is 
18-0 km. per second and the residual velocity +4-7 km. per second of the calcium cloud 
is the same as the average for the eight other O-type stars within a degree of this region 
previously investigated by the writer.! 


TABLE VIII.—OBSERVATIONS OF H.D. 192101 


Observed Velocities Residuals O-C 
Plate Date G.M.T. Julian Final Calcium 
Number Date Phase Primary |Secondary| Primary | Secondary | Velocity 
2,424 
11556 1925 April 24 264-983 0-018 +189-4 —166-3 — 3:5 +52-0 —15-0 
10904 1924 Oct. 22 081-637 0-025 +192-7 —206-6 — 0-1 +11-6 
11380 1925 Mar. 30 240-042 0-080 +196-8 —165-0 + 4-9 +52-3 —20°8 
12259 Sept. 13 406-806 0-159 +176-6 —185-8 —12-5 +28:°5 
11897 July 17 348 -872 0-564 +145-6 —127-2 — 6:5 +47-4 —10-0 
11442 April 8 249 -024 0-727 +141-4 —105-6 +11:3 +45-3 —13-5 
12272 Sept. 14 407 «739 1-092 +121-3 — 85-3 +34-7 + 8-2 
10922 1924 Nov. 9 099 -622 1-342 EE oo RR ci aces Sates Ore ePeer ecto gat — 9-1 
12407 1925 Oct. 1 424-815 1-499 => PASSED ates etree —25-6 
10954 1924 Nov. 26 116-568 1-619 stiOe Oil. agatha tee =i) ()i SA le een tees —13-6 
11062 Dec. 21 141-580 1-629 spol 54 OR [eens ee toe ctw S59 | seaseateaysteters —12-4 
11457 1925 April 9 250-005 1-708 ees) Dy Berane Met verte + 1-7 
10916 1924 Nov. 2 092-631 2-685 — 99-2 + 62-2 —15:7 —16-2 — 5-6 
12207 1925 Aug. 31 393-768 3-789 —107-4 -+102-0 +11:5 —14:3 —11-6 
10930 1924 Nov. 20 110-622 4-008 —133-3 +100-7 —12-6 Aico 
10878 Octamus 077 -603 4-326 —113-5 +130-2 =) 720) +12-2 —15-7 
11011 Dec. 7 127-610 4-328 —118-4 +156 -0 + 2-1 +38-0 —12-5 
11367 1925 Mar. 26 236 -042 4-414 —120-9 +189-3 — 1-1 +71-9 
12237 Sept. 9 402-804 4.491 —141-7 +1387-5 —22-6 +20-9 
10992 1924 Nov. 29 119-560 4-612 —110-2 +140-7 + 7:3 +25-9 —11-7 
111138 Dec. 24 144-580 4-629 —100-5 +134-1 +16-7 +19-5 —27-2 
11732 1925 June 18 319-894 4-923 — 89-6 +126-0 +21-5 +18-1 —21-3 


1 Pub. D.A.O., H, p. 337. 
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TABLE VIII.—OBSERVATIONS OF H.D. 192101—Concluded. 


Observed Velocities Residuals O-C 

Plate Date G.M.T. Julian Final Calcium 
Number Date Phase Primary | Secondary; Primary | Secondary Velocity 
10932 1924 Nov. 21 111-564 4-950 —102-6 +108 -6 + 7-7 + 1-4 — 2-1 
11994 1925 July 30 361-867 5-225 — 94-6 +130-1 + 6-9 +32-5 —13-2 
10881 1924 Oct. 19 078-617 5-340 —113-2 +179°3 —16-3 +86:6 —12-3 
12244 1925 Sept. 10 403-733 5-420 — 95-2 +140-3 — 1-9 +51-4 

10754 1924 Sept. 24 053-781 5-507 —- 99-3 + 90:7 —10-1 + 6-2 —10-5 
11482 1925 April 138 253-981 5-684 — 99-4 -+131-8 —19-6 +57-4 

11934 July 23 354-876 6-568 ates Sy Qierdy aiionee ccs awa sietnde coal Woy” | oSacteetin nee —20-9 
10871 1924 Oct. 12 071-670 6-727 =) So) | eiaereerketat =('3+4)||| Sasee aos — 9-5 
110383 Dec. 18 138 «594 6-977 fee 2D eo |e. cealade ose —19-5 

11547 1925 April 23 263 -982 7-351 +105 +2 —128-3 +10-1 —15-0 —17-4 
10738 1924 Sept. 18 047-715 7-775 +163-8 — 200-5 + 9-3 —23-3 — 8-7 
ikysys 1925 June 21 322-931 7-960 +186-8 —163-0 +11-9 +36-0 —12-5 
11047 1924 Dec. 19 139-610 7-993 +159-9 —140-7 —18-4 +61-8 — 9-9 
10823 Oct. 5 064-661 8-052 +179-4 —212-9 — 3-1 — 5-7 —14-6 


Considerable difficulty was experienced in obtaining the period of this star, probably 
mainly due to the shape of the velocity curve, to the large proportion of the plates where 
the lines appeared single and of course also to the difficult and uncertain measures. Periods 
of 8-33 and 8-34 days appeared to fit the observations about equally well with a slight 
preference for 8-33, and as the whole interval covered was only 43 periods, it was obvious 
that a correction for the period would be required as well as to the other elements. From 
the velocity curves plotted with a period of 8-33 days preliminary elements were obtained 
by the usual graphical method, which are given in Table X below. 


As a correction to the period was to be included it was impossible to combine generally 
the observations into normal places. However, where they were grouped closely together 
in the flat parts of the curve, and where the intervals between them were small, three 
groups composed of three, two and two plates, plate numbers 10930, 10878, 11011; 
10992, 11113; 10881, 10754 respectively, were combined into observation equations 15, 
17, 22, thus reducing the number of observation equations to 32. 


Owing to the high residuals in many plates it was necessary to weight the observations 
carefully, else an abnormally high residual, if given undue weight, would too greatly 
influence the solution. The weights of the individual plates were then based jointly on 
the number of lines measured, on their interagreement, and on the apparent quality as 
determined by eyepiece estimates. They were finally limited to three weights, 3, 2 and 
1, while the three groups were given the combined weights of their individual plates. 
The weights of the measures of the second component, on account of their difficulty and 


uncertainty, were given only half the weights of the primary and hence were aye ae 


While it was felt that it would be desirable to use both primary and secondary 
measures in the solution, the uncertainty of the secondary was so high with the further 
effect of appearing to have a y about 20 km. more positive than the primary, that it 
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appeared desirable to restrict the solution to the primary. However, for the interest of 
the matter and as the work would not be greatly increased, a set of 24 observation equa- 
tions was also formed for the secondary in addition to the 32 for the primary, the 8 
omitted being near the crossing points where, owing to the weakness of the secondary, it 
was considered preferable to exclude them. It may be stated at once that the least squares 
solution of the whole set resulted in values of the elements that gave poorer agreement 
for the primary than the assumed preliminary values and hence the original opinion in 
regard to omitting the secondary was confirmed. The 32 observation equations for the 
primary introducing corrections for y, K, e, w, T and P were formed by Schlesinger’s 
method and are given in Table IX. The weights assigned are given in the second column 
and the final residuals in the last column for comparison with the preliminary residuals 
in the second last column. The computed values of m, the last unknown, were divided 
by 100 to make them homogeneous with the others. 


TABLE IX.—OBSERVATION EQUATIONS OF H.D. 191201 


Final 

No. Weight 1 K ae € T m v Residual 

1 1-0 1-000 +1-000 — -002 + -000 — -002 — -001 —1-300 — 3-46 

fe 0-67 1-000 + -994 +-106 +-021 +-105 + -236 =3-71 — 0-10 
3 0-67 1-000 + -986 +: 167 +-042 +-165 + -332 +5-01 + 4-91 

4 1-0 1-000 + +932 + -362 + -160 + +347 -+1-272 — 6-76 —12-51 

5 1-0 1-000 + -692 + +722 +-540 +-619 +1-911 — 0:08 — 6-51 
6 1-0 1-000 + -601 +-799 + +652 +-660 +1-381 +10-01 +11-34 
7 1-0 1-000 + -216 +-976 +-888 +-678 +2-483 +40-40 +34-71 
8 0-67 1-000 + -137 + -990 +-899 + -658 + +393 —50-52 —33-26 
9 1-0 1-000 — -091 sip Ooo + -867 +-594 + -455 —15-84 — 0-39 
10 0-67 1-000 — -107 + :994 +-861 +-588 + -639 — 6-14 + 8-86 
11 0-67 1-000 — -118 + -993 + +857 + +582 +2 -240 —23-21 —25-65 
12 1-0 1-000 — -205 +-979 +-817 +-551 +1-161 =" 7°06 ae shod 
13 1-0 1-000 =) -093 +:721 +-0390 +-315 + -166 —27-46 —15-68 
14 1-0 1-000 — -985 +-171 +-012 +-065 + -230 +10-29 +11-50 
15 3-0 1-000 — -998 + -054: — -002 +-020 + -013 — 1-94 — 1-23 
16 0-5 1-000 — -996 — -088 +-012 — -033 — -064 — 1-51 — 1-06 
17 2-0 1-000 — -987 —-161 + -032 — -062 — -057 +12-54 +11-96 
18 1-0 1-000 — -986 —-165 + -033 — -064 =) 2232 —23-87 —22-62 
19 1-0 1-000 — -949 — -314 +-100 —-124 — -089 + 9-47 + 7-74 
20 1-0 1-000 — -936 — +352 +-122 —-141 — -395 +20-38 +21-46 
21 1-0 1-000 — -864 — -503 + +236 — -212 — -682 + 4-10 + 6-86 
22 1-67 1-000 — -851 — +524 + -256 — +223 = Aa — 9-53 —12-98 
23 1-0 1-000 — -799 — -601 + +330 — -264 — -960 — 6-69 — 1-86 
24 1-0 1-000 — -731 — -683 + -422 — -314 — -672 —21-66 —19-62 
25 1-0 1-000 — -192 — -981 +-870 — -606 —1-909 + 2-64 +17-17 
26 0-67 1-000 — -181 — -983 + +874 — -614 — -195 —11-58 —13-37 
PH 0-67 1-000 + -054 — -998 + -909 — -694 — -685 — 23-04 —19-47 
28 1-0 1-000 + -459 — -888 +-723 — -736 —1-651 — 3-83 +10-15 
29 1-0 1-000 + +734 — -679 +-412 — -625 — -049 +11-58 +- 9-29 
30 0-67 1-000 + -910 —-414 +-139 — -404 — -403 — 20-00 —18-38 
31 1-0 1-000 + -921 — -390 +-122 — -383 — -095 — 2-15 — 3-13 
32 1-0 1-000 + -939 — 344 + -090 — +339 — -959 + 2-38 +11-93 
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From these observation equations the following normal equations were formed in 


the usual way. 


32.2737 — 6-056« — 0-707r+11-224e—0-187r + 2-793m = — 88-016 
4119-801 “+ 9-271 =—"0'195 40° 782° = 47506 = +21-103 
412-359 + 1-510 +7-991 415-314 = —11-320 

+ 7-549 +0:963 + 3-196 = —62-313 

+5-458 +10-456 = — 0-625 

+28-453 = -+69-490 


The solution of these normal equations resulted in the values of the unknowns and 
the corresponding value of the corrections below. 


ip = — -8714 whence by = —4-898 km. 
K = — +027 6K = — -027 km. 
ve = —15-078 dio = +5°-50 

€ = = 8-755 de = + -0288 

T = + 4-044 st = + -0203 days 


m = +10-145 du = — -0003845 


These corrections give for the final elements with their probable errors the values of 
Table X. : 


TABLE X.—ELEMENTS OF H.D. 191201 


Element Preliminary Final 
CME CCETIETICHD Ysa rere ee ee wuetete Mehe ov a acon eter are rch nS eae os IRN oe ORDA eae ee 0-26388 +-0154 
COMPELAON PACU COIOLE APSE oerteteseeyanete tars) oh reteraicoe re ssionene eee het cv) Ie Ee acto SODe aaa ae 0°-50 +4°-83 
Keesemicamp Niucesp rin anya ic euaen ete ct a eum ty. | ae te ere cee AOU SINS ok oc 156-97 +2-97 km. 
Ia SEicavee any oy lino lS SECON EMA oc nod onodconh occas otoulecn sanqnoa a LGauleni.. eee 168-5 +7-7 km. 
VERY 6 LOCLDY LOLS. SLCTI cea me No Aasie ree cP N eee (3.5 MM seas acallloaare Meese —0-54 km... —5-44 km. 
To Time OfMpPerlas bron sqeny er sibay See een arn oe CEA Aenea tee one J.D. 4039-92. J.D. 4039-940 +-108 
PRP COC Neer io cee hh sate cit n.0 keh eae state = tones | Sees CR 8-33 days.... 8-33425 +-0016 days 
GETING TST PAM? HOUTA E noan dros eooeoa onda ballacaboaudehodsobecusoun ak 17,351,000 km. ; 
TENN Saal Leas TNH COC EM og egomngennh souadn Galan soauah dawyasuoneonei. 18 626,000 km. 
AISI SPN LASSHD RIG ARV neem ence tor er Ree canine, Se HEM arees i RG eee 13-850 
MUSMste LASS SCCONC AL Vor Ment va tee Vee Venterc o-oo ae eel Ret ies as I ee 12-900 


The corrections for K, were obtained by accepting the elements obtained from the 
primary solution and obtaining by least-squares the most probable correction for Ko. 
As will be seen below, the probable error of a single average plate of Ke, +25-2 km., is 
very high, nearly three times that of K,. If the y for K, were assumed 23 km. more positive 
than for Ky, a quite impossible condition, the probable error per plate is reduced to +18-6 
km. It is obvious then that the measures of the secondary have not only a very high 
accidental error, but they are systematically affected also, the lines displaced redward 
on the plates on the average over 20 km. No explanation, except the difficulty of deter- 
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mining the intensity maximum in such faint diffuse lines frequently blended with the 
primary, can be advanced for this curious systematic displacement. The velocity curves 
with the separate observations plotted as circles are shown in Fig. 3. 


The solution reduced =pvv from 8013 to 6607 and gave the probable error of an 
average plate of the primary as +9-9 km. per second and of the secondary as +25-2 
as stated above. These probable errors are not unreasonably high when the difficulty 
of the spectra are taken into account and, as the amplitude is large, the elements may be 
considered as fairly reliable. Probably the values of the mass functions are not in error 
more than five per cent and it will be of interest, as in the previous B- and O-type binaries, 
to compute the probable absolute magnitude and parallax. 


EMeee 
\ 
fate 


> 
OO 
QO 


Fig 3—Vetociry Curves or H.D. 191201 


If we take the minimum value of the mass of the brighter component 13-850 and 
assume a temperature for this O9-BO star of 26,000° T, a value according with Fowler 
and Milne’s latest determination,! we obtain a surface brightness by Hertzsprung’s 
method’ of —3-84 magnitudes, 34 times the sun, with which Russell’s colour index method 
practically agrees. Some recent work of Mr. Pearce clearly shows that the density of 
these massive high temperature stars is of the order of 0-01 the sun. However, the star 
H.D. 1337, for which this was determined, has obviously only relatively recently become 
a double as the photometric orbit shows the two stars are nearly in contact and it is 
probably considerably more diffuse than H.D. 191201. 


1M.N., 84, 509. 
2Mt. W. Cont., 10, 399. 
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The eccentricity of H.D. 191201 of 0-26 indicates a considerable advance in the 
evolutionary stage and hence probably an increase of density. The eclipsing binary Y 
Cygni, which is of nearly the same type, has a density of 0-17 so that the density of this 
star probably lies between the extreme values of 0-01 and 0-2. With a surface brightness 
of —3-84 magnitudes compared to the sun and a mass 13-85 times, the absolute magni- 
tude is readily calculated as —4-2 for a density 0-01; —3-0 for the probable density of 
0-05; —2-5 for density of 0-1 and —2-0 for density 0-2. 

The absolute bolometric magnitude of a star of mass 13-85© by Eddington’s latest 
method, is —3-17, the correction for a temperature of 26,000° being —1-40, making a 
total of —4-57. The correction to visual magnitudes for this temperature is +2-53, 
making the calculated visual magnitude —2-04, corresponding to a density of 0-2. As 
is shown by Mr. Pearce in his discussion of H. D. 1337 where the density is determined 
by the photometric orbit, the absolute magnitude of the brighter component obtained 
from Eddington’s method is about 2-3 magnitude fainter than that computed from the 
known mass, density, and surface brightness of that star, and obviously it does not fit 
on Eddington’s curve which appears to suit better the dwarf than the giant stage at 
these high temperatures and masses. 


The apparent magnitude of the pair is 7-12 and the second component, from the 
relative intensity of the spectra and also considering the relative masses, must be at least 
0-2 magnitudes fainter than the primary. This will make the apparent visual magnitude 
of the primary 7-77. 


The well known formula connecting absolute and apparent visual magnitude with 
parallax gives a parallax of 0’’-0011 for absolute magnitude of —2-0, of 0’’-0007 for 
absolute magnitude —3-0 corresponding to the probable density of 0-05, and a parallax 
of 0-004 for magnitude —4-2 and density 0-01, distances respectively of 3500, 4700 
and 8000 light years. If we take into account the fact that the inclination must be con- 
siderably less than 90° else the star would appear variable, and that hence the mass must 
be increased, while the high density of 0-2 is unlikely, it seems certain that the distance 
of this star is at least 5000 light years, making it at a greater distance than the average 
O-type and several times farther than previously ascribed to the B-type stars. 


1M.N., 84, 310. 
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THE ORBITS OF TWO DOUBLE-LINED SPECTROSCOPIC BINARIES 
BY W. E. HARPER 


Abstract.—The first of the two stars dealt with in this article, Boss 1275, is of type AO and was announced as a 
double-lined binary by Adams of the Mount Wilson Observatory in October, 1916. A couple of years later Cannon, 
at the Dominion Observatory, Ottawa, determined its orbit from forty plates taken there with the single-prismt 
camera. Unfortunately, as shown herein, the period of 27-43 days is incorrect and the first half of this publication 
deals with the revision of the orbital elements of this star from plates made at Victoria. The revised period is 
2-15165 days and a circular orbit with semi-amplitudes of 113 and 130 kms. per sec. gives a reasonably satisfactory 
agreement with the observations. The masses of the components multiplied by the cube of the sine of the inclination 
are respectively 1-7 and 1-5 times that of the sun. 


The star Boss 1275, whose right ascension for 1900 was 5° 14™-9, and declination 
+29° 29’, was announced a spectroscopic binary by Adams and investigated by Cannon 
who, in 1918, published his orbit in the Publications of the Dominion Observatory, Volume 
IV, page 185. The period of 27-48 days obtained by him seemed to be the only possible 
one, even though some of the observations were in rather ragged agreement with the 
curve. A couple of years later the writer of this article had occasion to examine the 
observations and noted that a short period would satisfy most of the observations. At 
that particular time he had nearly fallen into a similar error of ascribing a long period to 
what was in reality quite a short period binary. Remembering the trouble experienced by 
Cannon, with whom he was associated at Ottawa, in the case of the star under consider- 
ation he was led to look into it with the resulting conclusion that the period as published 
was in error. His communication to Cannon on the matter evidently miscarried in the 
mails and the present writer admits negligence in not drawing the matter to his attention 
again until recently. 

In the course of obtaining spectra of A-type stars for absolute magnitude work the 
rapid shift of the spectrum lines of this star again emphasized the apparently short period 
character of the binary, and made it seem advisable to secure the correct period and other 
orbital elements. As Cannon has been for some time out of spectroscopic work, he asked 
the writer to undertake the necessary revision of the orbit. 

The period suggested by the Victoria plates alone is 2:15 days, which period also 
satisfies the Ottawa observations much better than the one originally determined. By 
connecting up the two series of observations it was found that either of two periods was 
possible, namely 2-15165 or 2-15236 days. The former value was preferred as fewer of 


the observations fell on the wrong branch of the curve. 
22808—1 
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It was evident that a re-examination of the Ottawa plates was desirable and through 
the courtesy of the Director, Mr. R. Meldrum Stewart, they were forwarded to Victoria. 
Previous to their arrival the writer felt reasonably sure of the correctness of the value 
2-15165 days for the period and carried through a least-squares solution, combining the 
observations of the two observatories. As between three and four times as many lines 
were measured on the Victoria plates as on the Ottawa ones, there was a similar disparity 
in the weights assigned the two sets of measures. The results are tabulated at the end. 
The Ottawa plates are all weak in the violet and are sometimes not of the best definition 
so that if one took an average of all the component lines there would be a likelihood that 
the components would be assigned as in the previous publication. By paying attention, 
however, solely to the 4481 line of magnesium—a proceeding warranted by the uniformity 
of exposure in that region—the writer found that using the period of 2-15165 days the 
component velocities in every case fell on the proper branch of the curve. With this period 
the Mount Wilson observations, later secured, were in agreement also, so that this value 
of the period may be regarded as the correct one. 

The accompanying table of observations gives the data of the Victoria observations. 
Ten or a dozen lines were measured on a plate given unit weight. The last three observa- 
tions had not been secured when the combined solution for the Ottawa and Victoria 
plates were made. 

VICTORIA OBSERVATIONS OF Boss 1275 


Component I Component II 
Plate Date G.M.T. Julian Date Phase 
Vel. Wt. O-C Vel. Wt. O-C 

12829 1926 Feb. 13 |2,424,560-598 | 1-233 — 76-4 1 — 6-5 + 34-5 1 — 3:3 
12839 seals 560-806 1-441 —122-8] 1 — 3:9 + 78-1 1 —15-9 
12853 a) 569-612 | 1-640 —130-2 1 + 2-4 +110-6 1 — 0-1 
12858 ee 222 569-745 | 1-773 —124-0 1 — 3-5 + 98-6 1 + 2:3 
12868 BP OK0) 573-651 1-376 — 98-4 it + 8-6 + 78-5 1 — 1:5 
12876 ae 573-758 1-478 —123-6 1 + 0:5 +124-7 3 +24-7 
12898 Mar. 1 576-617 | 0-039 — 14-3 1 — 7-5 

12904. indi 576-806 | 0-228 + 58-3 1 + 8-0 — 99-2 + 0-7 
12923 ee 577-685 | 1-107 — 27-7 1 + 2-3 

12982 edie eis) 580-617 | 1-888 —100-2 1 — 1-5 + 74-2 1 + 3-5 
12989 SS 580-781 | 2-052 — 39-9 1 +12-3 

13006 coe Ss 583-634 | 0-601 + 97-3 1 + 5-7 —149-8 | 3 — 2-5 
13176 April 5 611-688 | 0-684 + 78-2 1 — 5-1 —140-8 i — 3-0 
13296 OR: 628-691 0-473 + 84-8 1 — 6-7 —145-8 $ + 1-4 
13312 “24 «|2,424,6380-675 | 0-305 + 74-3 1 6-0 —129-.9 2 Oca 


The observations of the two observatories were grouped indiscriminately according 
to phase into 24 normal places, twelve representing each component. They are not 
shown here for the reason that the elements so determined were not considered final. 
In the original determination, while no probable error of a plate is quoted it is of the 
order of 20 km. per sec. even after the velocity of plate number 8089 has been improved 
to the extent of 14 km. through the correction of a slip in the computation. This reduces 
to slightly less than 13 km/sec. for each component for the new elements. The corres- 
ponding probable error for the Victoria plates is 5 km/sec. 
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The greater precision of the Victoria plates made it appear wise to secure a few more 
to fill up gaps in the curve and then to use solely our own observations in the determin- 
ation. This was done and the values accepted as final are based upon 12 measures of each 
component and 3 measures where the lines are superposed. In this solution the elements 
resulting from the combined solution were used as preliminary values, each observation 
being treated individually. Corrections of a small order of magnitude were obtained but 
the resulting eccentricity was so close to zero that another solution was made on the 
assumption of a circular orbit. Only four quantities were involved, namely, —y, Ki, Ke 
and (T) the time of closest approach of the main component to the sun. The values 
adopted as preliminary were :— 


P = 2-15165 days 
e = 0Q-0 

Ke Perris: 

Kole = 130 kn: 

(T) = J.D. 2;421,138-241 

and by making the following substitutions 27 observation equations were built up. 

x = Oy 
y = dbKy 
y=) 6KS 
jhe 292 C2 LP) 


OBSERVATION EQUATIONS FOR CIRCULAR ORBIT 


eset ye ei sic shai eye Re eyes ele etabatele tots tse) 1-000x —0997y, +0-000z —0-085u — 2-7 = 0 
Die 5 ATRIA TET ONE PRETEEN OPES 1-000 —0-894 +0-000 —0-506 + 2-8 
BUMP ie tepst erst Nese oa, Sie sits) sialees suave sree aoe # ate 1-000 —0-697 +0-000 —0-810 ae ilo? 
SE te Secrets cekt cre 1-000 —0-287 +0-000 —1-082 1 Pay 
Eee ata teat lisy Pie aha ne, 6) 4 acs oC gers wanes ahinga 1-000 +0-113 +0-000 —1-1238 sy Wot, 
Gaels iectasie ns ea cee s oles agile a, sale 1-000 +0-618 +0-000 —0-888 = {Sior/ 
19 8 MOOI BONA a SOTA ORL 1-000 +0°777 +0-000 —0-711 — laoz/ 
eee Ich wei dior hes act bpe ls ates ela. < dys op tidus 1-000 +0-982 +0-000 —0-214 Seon 
Varccal GS Oa BAG Och eRe c ROR OO OR RHeN 1-000 +0-983 -+-0-000 +0-208 — 6-4 
ORR en fees fo tae hale eG, cares 2 1-000 +0-910 +0-000 +0-469 + 4-4 
Eee cekC GR ACRCEOS EGY Eel CRC NCEA RECHT ea aT 1-000 —0-091 +0-000 +1-125 ts 
C23 bsige: Bue Ce re OR ot oe OCI Ae ne eet 1-000 —0-443 +0-000 +1-012 + 6-1 
SMTA AS sire se i gre nie d/o ign ose 1-000 —0-768 +0-000 +0-723 — 8-6 
AREER onic cs is cutie cial dias cee Sede B's @sri'e 1-000 —0-876 +0-000 +0-546 + 3-6 
INS asia. GR Ae RA Cee CaO Coie acne 1-000 —0-922 +0-000 +0-436 — 0:8 
Mos ceo oc Hen tec PORE RON Panes Orr Olen Re REEE 1-000 +0-000 150097 +0-098 — 0-2 
INE sescls.w ‘6 a nen TACO CIEE ee 1-000 +0-000 +0-894 +0:-582 — ao) 
Lo wie! Peano Coe PERN e fy aren acres mee ce 1-000 +0-000 +0:-697 +0-932 — ore 
IG cook Sere Se. Mo acne yaiee ne Gene toe eee 1-000 +0-000 —0-618 +1-022 — 2-0 
PAD oc’ lene UptianeBlctey ic NOR SRI Oe. Geen NE ncaree aera 1-000 -+-0-000 SNeriny +0-818 +97 -9 
DAN ch .6 6 Gov ETO SOROS GIORNO eRe eC 1-000 +0-000 —0-982 +0-246 — 3:0 
Pe Dey 53 3% CEOS te On OS RR OR AE 1-000 +0-000 —0-983 —0-239 + 0-8 
DS3.. nh tc b ORNNOUO 2 aE OOS Ge aes Sone 1-000 -+-0-000 —0-910 —0-540 + 1-4 
DAR ARE CIOS ob 8 a SEG APE eer ehecone eS nie RG 1-000 +0 -000 +0-443 —1-165 + 3:3 
PASS ails Gd Dah bee, OO LONE ROR, CO ONCR CO WORICS 1-000 +0-000 +0-768 —0-832 sp heh 
PAs on6 6 ole bao ese See Ue Ceokens Choftan OC eon Oca 1-000 +0 -000 +0-876 —0-628 +16-5 
DANS je Ocb, OOO 2 OTE ECT OCI MORO 1-000 +0-000 +0-922 —0-372 —24-1 
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From these there resulted the following normal equations :— 


25 -000x —1:592y +2-2372 —.1-269u —11-600 at 
8-529 +0-000 — 1-381 — 1-455 
6-735 — 1-131 + 0-292 
11-545 + 0-431 
which gave corrections as follows:— 
by = +0-50 km. 
6K, = +0-27 km. 
6K, = —0-20 km. 
6(T) = +0-000 days 


The solution was hardly justified, as the corrections show, but the time consumed 
was small. The probable error of a plate for component I is +4-3 and for component II 
+5-6 kin./sec. 


ELEMENTS OF THE ORBIT 


Element Combined Solution Victoria Plates = Final 
1S LOS eteod ce Ochs cada OO CLO cette ere otc iP Mom WMIGEYCER YS aunoc como dau ane 2-15165 days. 
Biccentricht verses cecmit ce can rset cr ne ane a ane O01 S Beewreeane ue erate tee 0-000 
ava COGN QO: ososacooogunsoacobsvedsue CH 180°-4 
Gon wit erOlLa Semana cee ce ee om ramets w. | 0°-4 
Wielocitvaolssystembrr. aa ae orca teen aera SWCMUS et, 05 08 maco nace —19-70 km. +0-98 km. 

CLD) SIN ot Dacre: cts he ee co ee ie J.D. 2,421,188-241 +0-005. 
ReTlastronspassag ena wvaeeae etiam mars ote TT J.D. 2,421,139 -858 
Semi-amplitude primary.................... Ky TDS oaks. ce erreere cco 113-27 km. +1-67 km. 
Semi-amplitude secondary.................. Gy |G 0 Sekine ere re rel 129-80 km. +1-89 km. 
LISLING craausvacevatesreteaY rots ls g. 0 SRY SE cade Sad ase olla che = Ieee oe eee 3,351,400 km. 
CSUN DGS ROBO ERATE LCR OREN 7a Sera Meee ey UE LUMI aura ar Bre aa eh FPN aire 3,840,400 km. 


Fig. 1.—Velocity Curves of Boss 1275, Showing Victoria Individual Observations, 
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The curves shown represent the final elements, individual observations being plotted. 
The full curve represents component I and the dotted one component II. 


H.R. 2962 


Abstract.—This star’s binary character has not hitherto been announced. The orbit is based on 25 spectrograms 
secured during the past three years. The spectrum of the secondary has been measured on 13 plates and, while of 
lesser intensity, is about of the same type as the main one, F3 or thereabouts. It was with difficulty the lines were 
resolved over most of the curve as the semi-amplitudes of velocity variation are only 45 and 52 kms. per sec. The 
period is 31-5 days and eccentricity -208. 


The star H.R. 2962 whose right ascension for the epoch 1900 was 7" 36™-2 and declin- 
ation +34° 14’, was first observed here on March 17, 1924. The fuzzy character of the 
lines made one strongly suspicious that it might be a binary and this suspicion was con- 
firmed by the third plate whereon the spectrum lines were definitely resolved. Twenty- 
eight plates have been secured during the three seasons but three of these are omitted 
from consideration by reason of the complex nature of the lines due to partial superposition 
of the two spectra. The plates were all made with the single-prism camera whose dis- 
persion at Hy is 29 angstroms per millimetre. 


The star is listed in the Henry Draper catalogue as of type FO and of visual magnitude 
6-00. In spectra not completely resolved or nearly superposed which, with the single- 
prism dispersion used, would constitute fully 75 per cent of the time, the type suggested 
would be FO. Where exactly superposed, however, the type appears more nearly like F3 
which type has been accepted for both components. 


When the period and general form of the velocity curves were obtained it was seen 
that there was considerable eccentricity in the orbit. Since the maximum separation was 
not very much greater than the limit of resolution for the single-prism it necessitated using 
a narrower slit-width than -051 mm. as generally used. With the narrower width of «038 
mm. it was possible to get the lines resolved around apastron phase where the separation 
was not over 80 km. Five plates were secured around this phase with half a dozen or more 
lines in the violet region clearly resolved and these results added materially to the accur- 
acy of the elements as determined. 


The following table gives the data of the observations. Greenwich Mean Time, as 
understood prior to 1925, is used throughout and no correction is to be made to the dates. 
The phases are reckoned from the value of periastron passage finally adopted using the 
period of 31-50 days. The residuals are scaled from the final curve. 
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OssERVATIONS OF H.R. 2962 
Component I Component II 
Plate Date G.M.T. Julian Day Phase 
Vel. | Wt.} O-C Vel. 1) Wt.| O-C 
9765 1924 Mar. 17 2,423 , 862-709 9-76 | —54:-5 1} — 4-0 
9798 << 24 3,869-751 16-80 | —24-9 Lens 
10948 Nov. 24 4,114-878 9-93 | —47-8 1| + 2-8] +34-0 3} + 1- 
11103 Dec. 23 4,143-958 7-51 | —48-1 1] — 2-1 
11177 1925 Jan. 23 4,174-845 6-90 | —381-9 3) +11-0 
11262 Mar. 6 4,216-759 17-31 | —22-8 se Well 
113809 a et 4 224-809 25-36 | +21-4 1} — 1-3 | —52-6 1 + 
11322 ALG 4 226-771 27-32 | +37°3 2/+ 1-5)] +67-9 1 =e 
11486 April 13 4, 254-694 23:74 | — 1-8 tL | —12-6 
11520 te 940) 4, 261-682 30:73 | +39-1 1 | + 6-1 | —66-0 1 — 1 
11606 May 11 4, 282-730 20-28 | —10-0 I) | Senos O 
12782 1926 Jan. 25 4,541-901 27-45 | +44-9 1} + 8-3] —68-3 3 +0 
12840 Feb. 13 4, 560-848 14-90 | —38-2 I Se Ate! 
12903 Mar. 1 4,576-772 30-82 | +25-8 %| — 6-4] —74-2 3 —10- 
13009 a 8 4583-795 6:35 | —23-6 2) +17-6 
13031 mel 4,588 -668 11-22 | —44-1 De eyes, 
13145 29 4,604-745 27-30 | +35-4 1); — 0-4] —71-5 1 — 3 
13154 4F iil 4,606 -689 29-24 | +37-0 1} — 2-34 —76-4 1 — 4 
13170 April 1 4, 607-706 30-26 | +35-9 1} — 0-1) —69-2 1 — 0 
13177 oe 5 4,611-709 2-76 | —13-8 1 | — 6-8 
13188 e 6 4612-755 3-80 | — 4-6 1 | +14-4 
13226 “fie id: 4,617-710 8:76 | —53-8 14 = 4:67) -536°2 3 +6 
13231 Sel, 4,618 -694 9-74 | —58-4 Ah eS eose 1 — 3 
13232 sae 4,618-722 9-77 | —58-6 1}; — 8-0} +26-9 1 — 5- 
13245 Coils 2,424,619-818 10-87 | —51-3 1) — 0-9) +29-3 1 — 3: 


OrFaW 


PRELIMINARY ELEMENTS 


P = 31-50 days 

é = Q-22 

Wy Le 50? 

Gp Bz 230° 
Kor 252 tka. 

y = —10-86 km. 

T = J.D. 2,423,884-56 


The foregoing elements obtained graphically were used to build up fifteen observation 
equations of the usual form from which to deduce improved values of the elements. The 
observations were first grouped into normal places according to phase, eleven repre- 
senting component I and four component II. 
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NorMAuL PLAcEs 


Mean Phase Residual O-C 
ae Mean Wt 
Prel. Final Vel. Prel. Final 
ate GSR ORAS: Sao CI) EER ae © Se ee 9-69 9-80 —54-8 4 — 5:3 — 4.4 
Dire Sec 3 SE ASL AT- PERLE OES RT ete en ae 10-94 11-05 —47-7 2 + 0-7 + 2-6 
Sin Oe oe a) Ge oe ee a 14-79 14-90 —38-2 1 — 0-7 + 3-0 
aR MN Ie ee SME, ais Achy, dias KF Dee 16-94 17-05 —23°-8 2 + 3-9 + de 
C odkusks JB aetna. CRAG hee Penna Deen CM 21-90 22-01 — 6-9 2 — 8:5 — 2-5 
Rea Et oc Saari ens betes tes dees Zor 25 25-36 +21-4 il — 5-0 — 1-3 
Poe tks CSE, ESR, RR Te FF Dele 27-34 +38:7 4 + 1-3 + 2-9 
Si Ae, SRS Gee RRO RE EASE Sener 30-07 30-18 +35-7 34 — 0:8 — 1-1 
Dy soto Rehech Getto: CREE REITER) ETO eae Serre ek 3-18 3-29 — 9-2 2 + 7-0 + 1-7 
TD) cok Se ORR Pee SORRENTO ER. 5 UPON: de See 6-51 6-62 —27-8 13 +15-6 +11-0 
LEON cr eee GOR elie 0% wae age iine o:\oedaots avn a 8-02 8-13 —51-0 2, — 2-9 — 3-2 
EP re IAS scot Gish ms Siew wpe te Deere 9-82 9-93 +29 -9 4 — 38-8 — 2-5 
Bes RT TR een oo hone i eats SGP BURP a ni 20225 25-36 —52-6 1 + 1-3 + 1-1 
LDS ccna ACRE RAIS GRR RCI ACE ERIS Bren a aa 27 -23 27-34 —69-4 24 — 2-7 — 1:6 
UND eporshos 505, ORR, ee ES Oe a Ie sane i 30-07 30-18 —71-1 3h — 6-5 — 2-1 


The mean velocities given above are those resulting from the combination of velocities 
as actually measured. Before proceeding to the solution, however, five of these were 
corrected by small amounts to allow to some extent for errors inherent in them by reason 
of the partial blending of the lines. On the average the lines of the main spectrum are 
probably fifty per cent more intense than are those of the secondary. Thus around the 
crossing points the measured velocities will fall closer to the main than to the secondary 
curve and it was to offset to some extent this tendency of the velocities to hug the y-line 
that corrections were made. The corrections made were based on the relative strengths 
of the lines just suggested and on the particular phase of the group and err rather on the 
side of being too conservative. To the numbers 4, 5, 6, 9 and 10 were added —1-0, +2:-0, 
+1-0, —2-0and —3-0 km. respectively and it is felt that these reduced residuals produce 
in the solution a higher degree of accuracy for the elements than if the residuals 
had been left as measured. 


For the sake of homogeneity the following transformations were made in the equa- 
tions of the Lehmann-Filhés form as adapted* for double line spectra. The weights of 
each are given in the table of Normal Places. 


x oy 

y = 6K 

7 Gee OKs 

uw. = 100-é¢ 

v = —100-éw 
WwW 21-490 6T 


* Dominion Observatory Publications, Vol. I, page 327. 
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+20 


—20 


—40 


—60 


Fig. 2.—Radial Velocity Curves of H.R. 2962 Showing Grouped Observations. 


OBSERVATION EQUATIONS FOR H.R. 2962 


bps 1-000x  —0-859y  +0-0002 +0-3091 +0-062v —0-010w +5:3 = 0 
De i 1-000 —0-835 +0-000 +0-404 —0-022 —0-067 — 0-7 
rt in ae ae 1-000 —0-593 +0-000 +0-361 —0+230 —0-187 + 0:7 
Ce eee ee 1-000 —0:375 +0-000 +0-178 —0-310 —0-236 — 2-9 
Bee ee esl cet: 1-000 +0-299 +0-000 —0-366 —0-369 —0-326 + 6:5 
pe ee 1-000 +0-827 +0-000 —0-386 —0-252 —0-311 + 4-0 
TENG eens takers 1-000 +1-073 +0-000 —0-048 —0-088 —0-188 — 1:3 
bles Rk 1-000 +1-053 +0-000 +0-475 +0-260 +0-265 + 0:8 
ORL, 0 1-000 —0-119 +0-000 —0-506 +0-511 +0-551 — 5-0 
Oe os 1-000 —0:723 +0-000 —0-171 +0-302 +0-210 —12-6 
Ui eeraah etc tin 1-000 —0-829 +0-000 +0-094 +0-184 +0-089 + 2-9 
| ae ees oe 1-000 +0-000 +0-858 —0-372 —0-061 +0-019 + 3-8 
Eee 1-000 +0-000 —0-827 +0-446 +0-291 —0-359 — 1:3 
ares. ate 1-000 +0-000 —1-073 +0-055 +0-101 —0-217 + 2-7 
15.. 1-000 +0-000 —1-053 —0-548 —0-301 +0-306 + 5+5 
From these were formed the normal equations :— 
3-600x —0:0038y —0-376z2 —O0-078u +0-00lv +4+0:-024w +4-610 = 0 

1-650 +0-000 —0-093 — 0-040 — 0-036 —0:072 

1-037 +0-022 +0-039 —0-019 — 1357 

0-451 +0-098 —0-076 —0-704 

0-208 +0: 103 —1-770 


0-213 — 0-640 
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which resulted in corrections as follows:— 


oy 
dK, 
5K, 
de 
6w 


dT 


—1-25 km. 
+0-18 km. 
+0-43 km. 
—0-012 
—6°-0 
—0-11 day 


This solution reduced the sum of the squares for the normal places from 623-8 to 
513-5. The probable error of a normal place of unit weight is +5-09 km. per sec. and 
this value was used to determine the probable errors of the elements which are attached. 


qysin 2 
asin 7 
m,sin® 1 
mosin® 7 


FinaL ELEMENTS 


31-50 days 

0-208 +0-045 

44°-0 +4°-0 

224°-0 +4°-0 

45-18 km. +1-94 km. 
52-43 km. +2-49 km. 
—12-11 km. +0-42 km. 
J.D. 2,423,884-45 +0-33 days 
19,142,000 km. 
22,214,000 km. 

1-580 

1-320 


Using all residuals the probable error of a single plate is for component I +4-9 km. 
per sec. and for component II +2-6 km. per sec. Discarding seven where the spectra are 
partially superposed the value for component I becomes +3-4. This latter value of 
course gives a more correct idea of the accuracy of the observations. 


Considering the best plates where the spectra are superposed the relative intensities 
of six pairs of lines give absolute magnitudes as follows: 3-3, 3-0, 2-6, 2-9, 3-3, and 3-4. 
The mean is 3-1 and, making some allowance for the effect of the secondary, a parallax 


of 0’’-02 is deduced. 


The accompanying graph represents the final values of the elements. 


Grouped 


observations are shown with the dotted curves representing the secondary component. 


Dominion Astrophysical Observatory, 


Victoria, B.C. 


April, 1926. 
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THE ABSOLUTE DIMENSIONS OF THE O-TYPE ECLIPSING VARIABLE 
H.D. 1337 


By J. A. PEARCE 


ABSTRACT 


The subject of this paper is an eclipsing variable of exceptional mass and exceedingly high temperature. With 
actual masses of 36-3 and 33-8 times the sun, H.D. 1337, spectral type O8-5n, stands at present at the head of 
the limited list of fourteen systems whose absolute dimensions have been derived by combining the elements of 
their spectroscopic and photometric orbits. The paper is divided into three parts. 

Part I—The Spectroscopic Orbit—Brief reference is made to the discovery and previous investigation of this 
spectroscopic bmary. The spectrum is described and classified as O8-5n. A table of the estimated intensities of 
the spectral lines observed is given. Twenty-six plates in which the spectra of both components are measured 
form the basis of the spectroscopic discussion. An accurate period is found with the assistance of observations 
taken at the Mount Wilson Solar Observatory during the years 1914-1916. The time of periastron passage is 
fixed and the remaining elements Ki, Ko, e, w and y are corrected by least-squares. The principal elements are : 
P = 3-52341 days, e = 0-037, w = 210°-16, Ki+ Ky = 453 km., y =— 29-34 km., (m+ m) sin? i = 34-0 ©, 
asint = 31-5 ©. The probable errors of the orbits are +7-Oand +8-2km. respectively. Thestrong sharp (H) and 
(K) lines of ionized calcium which show no periodic oscillation have a mean velocity of —22-43 +0-34km. These 
lines originate in an interstellar cloud whose radial velocity of approach is 15 km. 

Part Il—The Photometric Orbit—The photometric observations of Guthnick are discussed. The corrected 
period harmonizes the spectroscopic and photometric phases within the probable errors of the spectroscopic orbit. 
The observed 8 Lyrae light curve is interpreted, the ellipticity constant determined and the observed magnitudes 
rectified for the periastron and ellipticity effects. It is shown that the photometric elements cannot be derived 
from the photometric curve alone. The solution is effected by introducing data from the spectroscopic orbit. 
The orbital eccentricity, as determined from the photometric curve, is shown to agree with the spectroscopic value. 
The inclination of the orbital plane 7, and the eccentricity of figure of the component stars €, are verified by an 
independent method. The light variation, which is less than 0-20 magnitudes, results from two ellipsoidal stars 
practically in contact, revolving in a slightly elliptic orbit whose plane is inclined at the angle of 38° to the plane 
containing the line of sight. 

Part I1I—The Physical Characteristics of the System—By combining the elements of the spectroscopic and 
photometric orbits the actual masses and dimensions of the stars are shown to be: m, = 36:3 +1-7 ©, m = 33-8 
+1-6 ©, m= 23-8 ©, r2= 15-5 ©, a = 40-1 O, pi=0-0027 Do, p2= 0-0091 Do. The masses of the O-type 
stars are discussed. By Struve’s method it is shown that the average single O-type star has a mass of 38 ©, two 
and a half times more massive than the average early B star, 15 ©, and seven times more massive than the average 
single class B star, 5 ©. The dwarf O-type system Y Cygni is compared with the giant system H.D. 1337, and 
reasons are stated for accepting the mean density of the class O stars as 0:01 Do. Bolometric absolute magnitudes 
of —8™-82 and —7™-31 are deduced for the component stars by the luminosity method. Eddington’s theory gives 
residuals of (O-C) = — 2™-3 and —1™-Orespectively. A recomputation of the absolute magnitudes of the eclipsing 
variable systems gives average residuals of +0™-4 for the brighter components and +1™-7 for the fainter com- 
ponents. The hypothetical parallax is 0’’-00032, total proper motion is 0’’-0096, and space velocity is 146 km. 
per second. A comparison is made between the strikingly similar systems B.D. 6°- 1309 and H.D. 1887. The 
paper closes with a brief summary of the more interesting details of this unusual system. 
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PART I.—THE SPECTROSCOPIC ORBIT 


1. DiscOVERY AND PREvious INVESTIGATION 


The binary nature of the star H.D. 1337 = Boss 46, 1900 « 0° 12": 5, 1900: 6 50° 53’ 
(Cassiopeia), vis. mag. 6-22 P.D., spectral type O8-5n, was first detected from spectro- 
grams obtained at Mount Wilson, and was announced in the Annual Report of the Obser- 
vatory for the year 1916. An orbit for the brighter component of this diffuse lined 
binary was computed by Adams and Stromberg! who grouped their 34 observations into 
11 normal places based upon the period 3-5225 days. The faint secondary spectrum 
was measured on a number of plates, but the observations were too few to determine 
the semi-amplitude of its oscillation. The sharp lines of ionized calcium gave indica- 
tions of a variation in velocity of about 20 km. with the same period as that shown by 
the hydrogen and helium lines. The velocity of calcium was 20 km. more positive than 
the velocity of the system, as derived from the other lines. On account of its periodic 
variation, the authors favoured the view that the calcium gas producing these lines was 
connected with the stars, and that the difference in the apparent motion of the system 
was not to be interpreted wholly on the basis of velocity. 


2. THE VICTORIA OBSERVATIONS 


H.D. 1337 occurs on the program of class B stars now being investigated at this 
Observatory. The first plate obtained showed double lines of over 300 km. relative 
separation. In all, 34 observations were secured with the I-prism spectroscope, two- 
thirds of the number being taken with the short-focus camera having a linear dispersion 
of 49A permm. at Hy. The remaining plates were secured with the medium-focus camera 


TABLE I—JOURNAL OF THE VICTORIA OBSERVATIONS OF H.D. 1337 


J. D; Primary Secondary Calcium 
No. | Plate Date 2,424,000 |———___—_—_ Remarks 
SF Velocity | Lines} Velocity | Lines | Velocity | Lines 
1924 
1 10449 | Aug. 5 | 008-9424 —178-:9 | 14 +130-1 12 —19-5 2 |IM, fair, over- 
exposed. 
2| 10921 | Nov. 8 | 098-8031 —240-:2 | 10 +189-1 9 —23-8 2 |IS, good. 
3 | 10928 ‘s 9 | 099-8236 | -+111-6} 14 —181-0] 11 —21-1 2 |IS, good. 
4] 10958 “26 | 116-6927 —160-9 8 +111-1 5 —19-8 2 |IS, fair, remeasured. 
* 5 | 10990 285 aS 7451 — 4-8 16 —20-4 2 |IM, good, lines 
blended. 
6 | 10996 “29 | 119-6966 —254-2 9 +204-2 8 —29-6 2 |S, good. 
* 7 | 11014 | Dec. 7 | 127-7070 + 0-5 16 —16:3 2 |IS, good, lines 
blended. 
8 11035 nf 18 | 138-6882 +139-2 12 —191-3 12 —23-8 2 |IS, good. 
9} 11049 2 19 | 139-7305 + 63-4 12 —1388-3 | 10 —21-4 2 |IS, fair, remeasured. 
Ore 110d) OT | 14t 661! “Sage a5 —16:8| 2 |IS, good, lines 
blended. 
TL ||, alas “24 | 144-6903 —21155 | 11 +170-9 9 —21-5 2 |IS, good. 
12} 11120 “25: | 145-7125 | +123-6) 11 —200-3 9 —17-1 2 |IS, good. 


1 The references are found at the end of the section, p. 284. 
* Not used in least-squares solution. 
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TABLE I—JOURNAL OF THE VICTORIA OBSERVATIONS OF H.D. 1337—Concluded. 


Jel. Primary Secondary Calcium 
No. | Plate Date 2,424,000 - Remarks 
+ Velocity | Lines} Velocity | Lines | Velocity | Lines 
1925 

13 | 11181 |] Jan. 8 | 158-6397 —240-0 | 14 +211-5 | 11 —24-8 2 |IS, good. 

14} 11144 “15 | 165-6000 —258:8 | 17 +209-3 | 138 —16-4 2 IS, good. 

15 | 11186 “25 | 175-5965 —166-:6 | 14 +118-4 | 10 —23-5 2 |IS, fair, over- 
exposed. 

16 | 11200 | Feb. 14 | 195-6027 sot BAGS lhe a1 —253-1 | 12 —21-2 2 IS, fair, remeasured. 

17 11217 ie 17 | 198-6398 +147-4 16 —212.4 16 —18-7 2 |IM, fair, remeasured 

*18 11222 S22, | 203-6347 — 44-0 8 Poor, lines blended. 

*19 | 11234] Mar. 6 | 215-6562 — §1-4 | 13 —23-4 2 |IS, fair, lines blended 

20 | 11892 | July 16 | 347-9805 — 95-3 | 12 + 45-6] 11 —19-6 2 {IS, fair. Seed 28. 
Fainter not well 
determined. 

*21 11931 = 21) 352-9743 — 35-2 14 —19-6 2 IS, fair, lines blended 

22 | 11937 «23: | 354-9764 — 72-8 | 14 + 31-6] 11 —21-4 2 |IS, good, Remea- 
sured, barely re- 
solved. 

23 | 11948 “< -24 | 355-9459 —234-3 | 14 +227-9 | 12 —17-5 2 {IS, fair. Seed 23. 
Fainter not well 
defined. 

24} 11959 «26 - | 357-9812 +111-9} 11 —167-9 9 —23-2 2 IS, fair, remeasured. 

25 | 11973 << s27 =| 358-9750 —237-0 | 19 +179-2 | 16 —20-7 2 |IM, good. 

*26 | 11988 “  -28:-| 359-9875 — 46-6 | 138 —22-6 2 |IM, good, lines 
blended. 

*27 | 11999 “30 | 361-9784 — 8-1] 22 —20-6 2 |IM, good, lines 
blended. 

28 | ‘12020 << 31) 362-9951 —233-4 | 14 +196-5 | 13 —20-0 2 |IM, good. 

29 |} 12051 |) Aug. 4 | 366-9895 — 86-5 | 17 + 43-8] 15 —18-2 2 |IM, good, barely 
resolved. 

30 | 12083 e 7 | 369-9708 —250-5 | 17 +208-1] 14 —22-4 2 |IM, good. 

31 12091 : 8 | 370-9229 + 65-1 16 —127-7 | 14 —19-0 2 |IM, fair, remeasured 

321) 12100 “16 | 378-7868 +160-1} 18 —237:0 | 18 —17-5 2 {IM, good. 

33 | 12111 “16 | 379-0174 +142-8 | 13 —208-8 | 138 —23-0 2 |1M, good, fainter re- 
measured. 

34 | 12129 «19 | 381-9500 | +186-1]| 18 —255-2 | 16 —21-8 2 |IM, good. 


giving a linear dispersion of 29A per mm. at Hy. The data relating to the observations 
are contained in Table I, which is self-explanatory. The emulsion used was Eastman 40, 
except where stated in the remarks column. The measures were made on the usual 
micrometer engine, constructed by Toepfer, having a binocular attachment. Nearly 
one-third of the plates were remeasured, the weighted means being adopted. The aster- 
isks in column 1 of the table indicate those plates which were not used in the least-squares 
solution on account of the blending of the lines. These single-lined plates are shown as 
crossed circles on the velocity curves, Fig. 1. 


3. THE SPECTRUM 
The spectrum of the star is classified in H.A., Vol. 50 as A, but this is revised to BO 
in the Henry Draper Memorial, which contains the following remark: “The lines show 
very slight contrast to the continuous spectrum.”’ Due probably to the appearance of 
the iron line \ 4549, the spectrum was classified at Mount Wilson as B3p. This line 
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has not been observed on our plates. From the Yerkes spectrograms Struve® calls the 
star B2. A careful estimation of the intensity of all the absorption lines visible on the 
first three single-lined plates is tabulated in Table IJ. The hydrogen line Hy of equal 
intensity on plates 11014, 11064, was taken as a standard and the remaining lines were 
referred to it. In this comparison an artificial seale as described by Harper and Young* 
was helpful in obtaining the relative intensities. The intensity ratios used in the classi- 
fication of the O-type stars by H. H. Plaskett* are given in the fourth column of the 
table, and from these criteria it is evident that the type is intermediate between OS and 
O9. Both stars appear to have identical spectra, the symbol | in Table II denoting 
those lines measured as double on an average plate. From our plates, therefore, we 
would assign the type OS-5n—OS8-5n. The brighter lines are estimated to be 2-6 times 
as intense as the fainter lines. 


TABLE II—THE SPECTRUM OF H.D. 1837 


Intensity 
Wave- Intensity 
length Atom | Plate | Plate | Pilate | Ratio Type 
10990 11014 | 11064 | Mean 
29 2 2 2 2 ~ 
4922 He 2 2 = | 2-3 — = 233 Os-5 
4541 
t4861 H S 9 9 $-7 | 
{4713 He 3 2 2 2-3 | 4541 | 
| =—— = 0-3 OS-2 
tae 
14686 He+ 5 4-5 | 4 4-5 4088 ln ee 
4654 ? 2 “ae 2 1-3 | aor 7 | hoes 
4651 C+ + 3 = 3 4-0 | Intermediate between OS snd 
4641 N+ 2 1 . 1-0 | O89. 
4634 N+ 2 1 | es | 1-0 | 
$4542 He+ 3 2 3 ' a 
4524 N+ 1 2 1 1-3 | 
4515 N+ 3 2 2 2-3 | 
4511 N+ 2 2 2 2-0 | 
4481 Mg+ faint faint = 0-7 
74388 He 3 3 3 3-0 
$4379 N+ 2 2 2 2-0 
{4340 H 9 10 10 Q-7 
4267 C+ faint faint = 0-7 
4254 S? faint faint %e 0-7 
4200 N+, 3 2 3 2-7 
$4144 He 4 4 4 4-0 
4121 He 2 2 2 2.0 
$4116 Si¢ ++ 3 3 4 | 3.3 
4103 N+ - ~ 1-5 | 0-5 
$4101 H 9 12 12 11-0 
4097 N+ 4 4 | 4-5 4-2 
t4089 Si+ ++ 5 6 6 5.7 
$4026 He 7 8 9 8-0 
4009 He 1 =. 4 2  } ome 
3970 H 8 Q Q 8:7 
3968 Ca+ (H) 13 i] ae eee 
3934 Ca+ (K) 15 | 15 15 15-0 | 
I 


¢ Measured double in an average plate. 
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The spectral lines are diffuse and lacking in contrast, as noted above, doubtless due 
to the superposition of the continuous spectrum of the one star upon the absorption lines 
of the other. Apart from this effect, the single-lined plates show the typically nebulous 
lines of an O-type star. The (H) and (K) lines of ionized calcium are sharp and narrow, 
quite normal for this class, although their characteristic appearance in the early B’s and 
in the O’s has hitherto been referred to as abnormal. The contrast in the appearance 
of these lines is well shown by the probable errors of their measurement, that of the 
hydrogen and helium lines being +7-0 km. for the brighter star, and +8-2 km. for the 
fainter star, while the probable error of the calcium lines is +1-9 km. 


4. Tur PERIOD 


With the assistance of some of the Mount Wilson observations taken during the 
years 1914-1916, the preliminary value of the period was easily extended to the fifth 
decimal of a day. With his usual kindness, Dr. Adams forwarded the measures of their 
first twelve observations, which are given in Table III. The writer wishes to express 
his indebtedness for these measures, since his own observations, taken over a com- 
paratively short interval, appeared to be satisfied by the shorter period. There is, 
however, no doubt as to the correctness of the revised value. Five of these early observa- 
tions could not be used, as they fell outside our preliminary curve, or at a phase when 
the two spectra were superposed and the measures uncertain. The representation of 
the remaining seven observations of the primary star on our revised curve is shown in 
Table IV. 


TABLE III—EARLIEST MOUNT WILSON OBSERVATIONS OF H.D. 1337 


Velocity 
No. Plate Date G.M.T. 1.D.2420000 |= = 
+ H and He Ca+  |Sec. Comp. 
bh m 
1 Y3950 1914 Dec. 25 16 10 0492 -6736 +140 —13-1 
2 4305 1915 Aug. 18 00 00 0728 - 0000 +126 —23-3 —161 
3 4849 1916 May 20 23 42 1004-9875 —278 +155 
4 4854 May 21 Ay PH 1005-9771 se il 
5 4916 July 10 23 13 1055-9674 +233 — 9-1 —154 
6 4922 July 11 2316 1056 -9694 — 65 — 7:5 — 20 
7 5016 Aug. 18 20 51 1094-8688 +192 —193 
8 5018 Aug. 18 23 40 1094-9861 +163 
9 5029 Sept. 9 00 03 1116-0021 +185 —167 
10 5034 Sept. 9 23 48 1116-9917 —125 — 30 
ill 5287 Dec. 4 ie Ls 1202-7188 —196 —49-1 
12 5338 1916 Dec. 10 18 03 1208-7521 —141 —37-0 
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TABLE IV—REPRESENTATION ON PRELIMINARY CURVE 


Observation On Curve Interval Rev. Period Wt. 
IN sted las RSA street 7 -a LN De a oe te RR 4002 - 0000 3509 - 3264 996 3-5234201 4 
OE ey ae STATA OUEA A nmr Real na: be Solna 4004-7280 3276-7280 930 3 -5233634 4 
CE 5 irs Aer Se Re aR Rr tira any peer Reg ee 4005-1480 2910-2792 826 3 -5233404 2 
Sree Rae a on hen yrs Re ee 4005-3968 2910-4107 826 3-5234996 3 
(Oi Fata Ne ech PRAMS Pa RAS SiC ea Pee ian AA 4005-1480 2889-1457 820 3 -5233487 2 
1 A a cece PT PREM EME ES OME gh bab ee 4003 -8304 2801-1116 795 3-5234108 4 
PA en SE LOE) by eee ERE aE ND I tears REP INA 4002-8360 2794-0839 793 3 - 5234349 4 


s 


The resulting period is 3°-52341 +0-00003, and this is adopted as final, since it is 
well known that a period determined in this manner after upwards of a thousand revo- 
lutions have elapsed is more accurate than that defined by the least-squares solution. 
It remains to show whether this revised period will harmonize the photometric observa- 
tions, since the observed time of minimum light should coincide with the time of eclipse 
computed from the spectroscopic data, within the errors of observation. This will be 
considered in Part I]. The Mount Wilson observations are represented in the graph 
below as barred circles. They fit the curve with a probable error of +5-4 km., over 
1-5 km. smaller than the probable errors of either the present or the former solution. 
The observations might have been included in the solution and given high weight, but 
for the sake of uniformity they were not used. 


Gays - 9-44 0-88 ori. 1°76 2:20 2-64 3.08 3-52 err 0-88 Ta 


Fig. 1.—Velocity Curves of H.D. 1337. 


ABSOLUTE DIMENSIONS OF O-TYPE ECLIPSING VARIABLE H.D. 1337 281 


5. Tur SoLution 


Preliminary elements were derived by the usual method of superposing curves com- 
puted for different sets of e and w upon the plotted observations. These elements are 
shown in Table VI. The time of periastron passage was fixed at J.D. 2,424,003-703 
G.M.T. owing to the small eccentricity. The Lehmann-Filhés equation of condition then 
takes the form: 


dy + (cos wm + e€ cos w) 5K; + [cos w— sin wy sin », (2 + e cos »)| Ky de, 
1-@ 
—(sin wm + e sin w) Ky da, = 6V 
and a similar expression for the secondary spectrum. Adopting the following substitu- 
tions the observation equations in Table V were formed for the 52 residuals: 


u = oy 
v= 6K, 
x = 5K» 
y =  1000é6e 
z = —10006w 


TABLE V—OBSERVATION EQUATIONS—H.D. 1337 


Primary Wt 
11 1-0 1-000u = 842w |ioie. serine: & —-167y — -130z — 4-7n = 0 
4 0-7 1-000 ANY, Aloo sbewoneses — -030 — +186 + 0-9 
1 0-5 1-000 = ()OSO8 | ue eee ee — -029 — -186 +19-1 
29 0-3 1-000 = (37.0) 9) Seamus oscnte evens +-077 — -210 —25-7 
31 0-7 1-000 =ta()@ G07 terre ee careeee +-168 — -206 —15-6 
3 1-0 1-000 SOO a La arene sate sere +-115 —-161 + 5-3 
12 0-7 1-000 Os 168: || peo tt wee +-055 — -137 +14-8 
8 1-0 1-000 = (sO in aesrers ase +-038 —-130 + 4.2 
17 1-0 1-000 meQaSAO) Peak ane wears —-001 —-113 + 6-8 
34 0-7 1-000 =-0):907 Whee ates cure — -069 — -082 —17-2 
32 0-7 1-000 = OME: Manna cha c.agee — -220 +-050 +16-9 
16 1-0 1-000 EE OOS. Wiles ee ste — +219 + -063 + 1-9 
33 1-0 1-000 =a ON | sears gears + -163 +-127 — 1:8 
24 0-7 1-000 aN) | egeee os moe: — -102 +-156 + 3-6 
9 0-7 1-000 OST Sie oes aeemier + -045 +-198 —11-0 
22 0-7 1-000 = (ial sON Mime es ances +-210 +-215 + 9-0 
20 0-7 1-000 = ()SOSSmmiaeenis <artoes +.218 +-212 +12-2 
15 0-7 1-000 =) G14) mapa euati as < +-140 +-164 —12-6 
25 0-7 1-000 wa () Revs al neers etdishedecs + -034 +-120 +18-5 
6 1-0 1-000 ite) 2 Gam | eet e arate o —-189 — -002 — 2-4 
14 1-0 1-000 es) ae |hae craters seule is — -218 — -043 + 5:8 
30 1-0 1-000 ESO | mateney a reeenerctorc — +218 — -046 — 1-7 
23 0-7 1-000 Voy , lp cotuemmeedn — +219 — -074 —10-7 
28 0-7 1-000 = (() Oj Dust heared nome atest: — -218 — -075 —11-2 
il} 1-0 1-000 (VS OGSii lee eras sa dcky ays — -218 —-077 — 3-9 
2 1-0 1-000 am (VOD ae nee etre cas exons — -203 —-101 + 6-5 
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TABLE V—OBSERVATION EQUATIONS—H.D. 1337—Concluded 
Secondary Wt. 
it 0-7 1 OOO silt-vencea ae ecena ose +0-842x +-179y +-140z — 2-7n = 0 
4 0-5 T2000 mules a tears +0-587 +-032 +-199 — 3-2 
1 0-3 170007 SIT ee +0-586 +-031 +-199 —22-4 
29 0-3 10003. ae eee +0-370 — -083 + +225 +12-8 
31 0-5 1000 ries hee —0-365 —-181 +-221 +10-6 
3 0-7 12000 0]: see —0-671 — +123 +-173 — 8:3 
12 0-7 12000." ane ee —0-768 — -059 +-147 —12-0 
8 0-3 15000 hoes ee —0-792 —-041 +-140 —26-5 
17 0-5 L5CO0% nae eee —0-840 +-001 +-122 —16-9 
34 0-7 CUD OY Weer len —0-907 +-074 +-088 +10-0 
32 0-7 1D OOUS EN tae nee —0-944 + +236 ~ 054 —16-9 
16 0-7 TGOO™ Maneatis wate —0-928 + +235 — -068 + 3-2 
33 0-7 LOGO Eee neereetoe a —0-780 +175 —-13 — 6-4 
24 0-5 TON aan tae —0-665 +-110 — -167 —19-9 
9 0-5 TQOOUW te eatery tate —0-378 — -048 — +213 +18-2 
oo 0-3 1 OO0\( Ail cea eae +0-150 — +226 — -231 —27-0 
20 0-3 ODOR) Sl Saceets eens +0-238 — +234 — +227 —20-3 
15 0-7 T3000 eee a +0-674 — +150 —-176 +10-0 
25 0-7 T2000: «41 teens +0-853 — -036 — +129 — 8-4 
6 0-7 PEGOO% latent +1-026 + +203 +-002 + 7-4 
14 0-7 E450 en he ee es +1-010 + +233 +-046 — 1:5 
30 0-7 15000" Mi asta. eae +1-007 + +235 _+-050 — 1-0 
23 0:3 17000 ieee +0-973 + -235 +-079 —28-8 
28 0-7 WeOO0 se mlerrcas ss strt +0-972 + -234 +-080 + 2-3 
13 0-7 OOO Pl Seren er ee +0-968 + +234 +-083 —13-6 
2 0-7 1000.0 (Re See ee +0-922 +-218 +-108 — 2-0 
From these were obtained the normal equations: 
+35-700u —2-462w +1-920x —0-243y —0-137z2 —51-030 =0 
+13 -613 +0-962 +0-248 +19-717 
+9-879 +0-649 +0-195 + 9-417 
+0-998 +0-147 — 3-822 
+0 -642 + 1-628 
whose solution yields the values: 
u = +1-443 whence dy = +1-44 km. 
w = —1-650 6K, = —1-65 km. 
x = —1-656 dK, = —1-66 km. 
y = +7:-255 de = -+0-00725 
Z = —2-743 dw = +0-00274 
0°-16 


The corrected elements together with their probable errors are given in Table VI, 


while the representations of the observations are shown in Table VII. 


The probable error of a single observation of average weight for the primary is 


+7-0 km., while for the secondary it is +8-2km. The least-squares solution reduced 


2pvv by 3-5 per cent. 
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The velocity of the system was found to be —29-3 km., over 15 km. more positive 
than that of Adams and Stromberg. This is readily explainable, since a larger eccen- 
tricity with periastron in the opposite quadrant would cause the y axis to be considerably 
lower. With these exceptions the two sets of elements are in sensible agreement, and we 
see no occasion to urge a change in the orbital elements during so short an interval. 


TABLE VI—THE SPECTROSCOPIC ELEMENTS 


Element. Preliminary Final 
LECGTATEG ba. San te oS P = 3-52341 3-52341 +0-00003 days 
LEVECSVTUNR TAMIA SS i; Sees ok oe RS ee nea e = 0-03 0-037  +0-007 
ELIAS ULODUPASSAVE.niti.ch ea ie te eae re T = J.D. 2,424,003 -703 4003 - 703 
Periastron minus node primary................ wo = 210° 210°-16 +0°-008 
Periastron minus node secondary.............. w = 30° 30°-16 +0°-008 
WieloGity Ol he SYStEM | tjs%.065 (eee nes seca us y = -830-78 — 29-34 +1-09 km. 
NeMuraMphtUde-PrIMAry ss co jecra ces so onde or ees Ky = 220-10 218-45 +1-81 km. 
Semi-amplitude secondary.................... Ke = 236-25 234-59 +2-11 km. 
TABLE VII—REPRESENTATION OF OBSERVATIONS 
Residuals (O-C) 
Phase 
Observation from J.D. Primary Secondary 
OAS O02 O00 re ee ee 
Prel. Final Prel. Final 
TBs. 25S a6 oe a ode ea Or ee Oe ee 0-0125 + 4:7 + 2-7 Be 7) de Te 
a eee yy i aici che be dyes 0-1168 = 020°.) -— 3:6 | eehsoeee iesee 
CI ae 0os eh ee es a Sin fSlandas tn ny Tiel, 2S 0-3175 —19-1 —21-8 +22-4 +22 -3 
BPA 3s allel dy OS Sie POORER CC TR Re OO re 06354 +25-7 +22:5 SSDAZ (nA 
2 ON ae a ee Cee 0-6863 +15-6 | +128 | -10-6 | —10-6 
OF a = en ON ene 0.9494 DN ee 
em ay A ee 1-1106 =148 f =15°7 |) “412-0 | P07 
(Bog Ao cree a0 ins Cierra. cacao aster ee a ae ee 1-4241 — 4-2 — 5-0 +26-5 +24.4 
LEE ong vice CO 5 DID CO OS ORR ORac Cera acca 1-5232 — 6:8 = 7.2 +16-9 (det 
2 oo ae ees een ee 1-5362 HAVO. |, -higee 1 10-0. | = 1888 
“oh cosa den ae ee ee eee 1-6049 16:9 | —i5:h | eee16-6 | --12-0 
DEY oy soy flict cn & Bi Coe ERS Ce OM RA a a a a 1.6073 = 1-9 — 0-1 == Bo® SERn() 
TIES SRR c.g Be et Ree ERO Ro OED MOSER OREN CE rr 1-6097 + 1-8 + 3-1 tk od! JE Dah 
Pes o's Sao aD DOE FD Cer OS einer aes 1-6711 — 3-6 = 2-8 +19-9 +16-1 
TU ashen cetere titel ache ee Ant A ie a Pen Seen ei 1-7539 +11-0 +10-4 —18-2 —20-5 
PI Lo he a I ci 1-9436 ei QeOncie alls? oi-<-O7. 0.0) ooo. 
13% cus ack & reretceeets Rae emer eee ee eee mea aa 1.9424 —12-2 —15-0 +20-3 +20-2 
GS) hn oc hte ee ee ae 2-0783 io | 2 928 |) 1080) |e 
ibe (ae OAc tae re ee 2.4883 1865 || 213i) Meeks 4a), eee 
Cy: TNE OR aOR Cee tre eee 2-6915 Beale) 2c ah =) ede ees 
TDD ra ycicighaeel BG Hy LOC PACER CTE Cee eI I a 2-7761 = 0-8 — 7-5 =o 1-5 as (eS! 
1 Ged LUNE ORD PRONE CORON a RETO eR WEN © ie i he 2-7986 aie doy 0-0 se lat) = O52 
IEG ele B Gti: ener OREM ON CCAIR the cee ee 2-8518 +10-7 + 8-9 +28-8 SEO AE 
GYM oy ht babu Bu SSN CO EVR Or COOP ELON DONC Re ER 2-9451 +11-2 + 9-4 == DoS) = sen 
SP, og ae ne ear “ida his ae 3-3053 3G 1 k-851 (1) ei gnGe lates s 
TG Bin aban eee ete OO CO CRT Oe MeO RRC © 6, URS eCemtc 3 -3386 — 6:5 — 8:3 + 2-0 = §)-9 
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6. Tue Catcium CLoupD 

The mean velocity of calcium has the value —22-43 +0-34 km., but the observa- 
tions show no variation beyond that due to the accidental error of measurement, as is 
seen from the velocity curve on page 280. Stellar calcium has not been observed in stars 
of this type, and the absence of periodic displacement of the lines would certainly exclude 
a close association of the gas with this rapidly revolving, massive system. We are left, 
then, with the two possible locations: (1) a local envelope of stellar origin, within the 
gravitational field of the system, (2) an interstellar cloud of wide distribution. The first 
hypothesis was preferred by the writer,’ in the case of H.D. 216014, where the velocity 
of calcium agreed with the velocity of the system. An inspection of the tabular data 
of Plaskett® and Young’ shows that relatively few systems are satisfied by this explana- 
tion. Nevertheless, it is conceivable that such condensations or local envelopes moving 
with the systems occur. However, for the star under consideration we would consider 
the second alternative the more probable, and further, the observations indicate a motion 
of approach of 15 km., as the component of the solar motion is —7:2 km. This velocity 
of the drifting cloud is in exact agreement with the weighted mean of the six stars ob- 
served by Plaskett® in the same region, the Perseus group. At the present time the 
observations are too few to discuss with certainty the extent and probable motions of 
such clouds. 

7. THE ROTATIONAL EFFECT 


The rotational effect observed in 6 Lyrae,’ Algol’ and 21 Cassiopeiae’” was not de- 
termined from the spectroscopic measures owing to the nebulous nature of the lines. 
The line-of-sight component would be comparatively small on account of the small 
maxima obscurations during mid-eclipse, and the low orbital inclination derived in the 
second section of this paper. Observational differences due to this effect, appreciable 
in certain phases only, have therefore been distributed along the curve by the least- 
squares solution. 

8. Minimum MassEes AND SEPARATION 


From the elements the projected semi-major axis and the masses were computed 
as follows: 


21,935,000 km. = 31-5 solar radii. 


(a, + dy) sin 7 
m, sin? % 17-6 © 
My sin? 7 16:4 © — = — = 1.07 
(m; + m) sin?i = 34:0 © NaS ser 
The actual masses will be discussed in Part III after the most probable value of the 
orbital inclination has been derived from the photometric orbit. We turn now to a 
consideration of the photometric observations. 
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PART Il-——-THE PHOTOMETRIC ORBIT 


1. THE OBSERVATIONS 


The photometric observations of H.D. 1337, 6™-22 P.D., were made by Guthnick! 
during the period 1919 September 10 to 1920 March 1. The comparison stars employed 
were P.D. 207, 5™-94, type A, and P.D. 129, 6™-15, type A2. In the course of the investiga- 
tion the former star was discovered to have a small variation of the order of 0™-02, after 
the nature of an eclipse, whose period was determined and the effect of this variation 
upon the measures of H.D. 1337 eliminated. The spectroscopic orbit of Adams and 
Stromberg was adopted as a basis, and zero phase taken as J.D. 2,422,212-275 G.M.T. 
1919 September 10-275, the predicted time of superior conjunction of the brighter com- 
ponent. The magnitude curve Fig. 2, page 287, represents the observations plotted on 
the period 3-5225 days. 


A subsequent note by Guthnick and Pavel’ dated 1921 October 29, calls attention 
to a progression of the phases of the maxima and minima, excepting that of minimum I, 
which appeared to remain stationary. In consequence of these changes the shape of 


TABLE VIII—PHOTOMETRIC PHASES 


Epoch J.D. 2,422,212-275 | 2,994-270 G.M.T. AP 
eA Oe Se fel GE ci iets waa c ls Ada 0-40 0-65 +0-25 
Up ea no nc oa 1-28 1-48 +0-20 
pas 
IE cg Me? Sf SS OA tS an 2.23 2°23 0-00 
RE Oye dl sel Scena ites Leh. 2-95 3-30 +0-35 
Mean +0-20 


the curve is greatly altered, the asymmetrical maximum I showing in 1921 aslow ascent 
(p/;) and a rapid decline (P/,) quite the reverse of the 1919 curve. No change was found 
in the range of the light variation, which is of the order of 0"-19. The broad maximum 
II was observed in 1921 to be more pointed, similar to maximum I, and thus the curve 
has all the characteristics of a typical 6 Lyrae variation. 


The authors made no attempt to solve the photometric orbit, or to represent their 
observations by theory. 


1 The references are found at the end of the section, p. 295. 
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2. Tur PHOTOMETRIC-SPECTROSCOPIC PHASE DIFFERENCE 


The observed difference of 02-40 between the photometric and spectroscopic 
epochs for the eclipse of the brighter star, as well as the increment in the phases of 07-20 
during two years would indicate that the preliminary period of 34-5225, while satisfac- 
torily representing observations taken over a short interval, was too short. It will be 
interesting to see how the revised period of 3¢-52341 harmonizes the photometric and 
spectroscopic phases. From the spectroscopic data we compute the predicted times for 
the eclipses, the transits through the nodes and the epochs of the transverse motion. 
These are given in Table IX. 


TABLE IX—SPECTROSCOPIC-PHOTOMETRIC PHASES 


Spectro. Spectro. Photo. 
Epoch Phase Phase Phase (O-C) 

Sup. Conj. of Br. Star...................| 4002-564 +0-007 | 2212-672 +0-019 | 2212-675 +0-003 
ai SIME, Le ADAM T RONEN Ge, een Oey taco, clo bier omne 2-546 . 

TOR BY OMGLE Wey cons oy ono crate Se ono 3-425 13-533 13-555 +0-022 
Int ConimorBiastalnertr ea aor 4-253 14-361 14-505 +0-144 
Gy SIBYEs CAMP IbOT TROT Hy 3.6.0 mua 0 ce pol arn eeOue a ch 4-235 

(Vian) BUGS RoI Rey icr ORR CORES Pack Nec aE Re 5-148 15-256 15-225 —0-031 


The computed difference, eclipse —y, of 04-018 is the transverse component of the 
eccentricity e cos w = 0-032 radians converted into time. It is only in orbits having w 
approximately 90° or 270°, or in circular orbits that this term vanishes and the stars 
have the velocity of the system at the time of eclipse. In this case the moment of mid- 
eclipse occurs 26™ later than the time of transverse motion y. This difference is too small 
to show graphically in Fig. 1, page 280, where the symbol o = m indicates the coincidence 
of the computed spectroscopic eclipse and the observed photometric minimum light. 


Deducting from the times in column 2, Table IX, the interval 1789-892 days cor- 
responding to the 508 elapsed revolutions, we obtain the predicted times in column 3, 
which are to be compared with Guthnick’s observed times repeated in column 4. The 
residuals with one exception are satisfactorily small when we consider that the probable 
error of the predicted phase is +0°-019. The exception is that of the eclipse of the 
fainter star, corresponding to m,, which is very much greater than we would expect, 
amounting to nearly three and one-half hours. It would seem from the photometric 
observation, Table VIII, that this is largely due to an error in the determination of My, 
as it is difficult to understand how one phase remains stationary while the others advance 
at the rate of 0*-10 per year in consequence of an error in the assumed period. It is to 
be noted that 222 revolutions separate the two photometric epochs, during which time 
the phases should advance by 0-202 days, as was observed. 
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The revised period, therefore, satisfies both the spectroscopic and photometric 
observations. The elements for the prediction of the primary eclipse, that of the brighter 
star, are: J.D. 2,424,002-564, G.M.T. +3-52341 E + 0-00003 E. The phase-difference 
observed by Schlesinger* and Plaskett* for many eclipsing binaries, and which has recently 
been explained by the latter’ as due to observational errors usually in the eccentricity of 
the spectroscopic orbit, is for this star reasonably explained on that hypothesis. 


No change in the photometric curve is effected by plotting Guthnick’s observations 
on the revised period, as the measures were made over a comparatively short interval. 
The solution of the orbit, therefore, rests upon his published curve. 


t 0-40 0:80 1:20 1-60 2:00 2:40 2-80 3-20 0-08 0-48 0:88 
Fig. 2.—Light Curve of H.D. 1337. 


Ma CIITICeNCUIVCM er eee Mot seco ce ts cote sale on m! (Guthnick) my, = 04:00 My — my = 04:88 
— — —Rectified for periastron effect................. mu My =0-:88 m — My, =0 -95 
— ---—Rectified for periastron and ellipticity effects. ..m™ m =1-83 M,; —m =0 -72 


M, eee) ira — M, = 0 -97 


3. INTERPRETATION OF THE MAGNITUDE CURVE 


The general characteristics of a binary system which gives rise to a 6 Lyrae light 
curve are so well known that we can deduce from an inspection of the curve certain facts 
about the physical system. From the absence of a rectilinear portion of the curve at 
maximum light we observe that the components are not spherical bodies, but have an 
ellipticity of figure, being elongated due to their mutual attractions, their shortest axes 
perpendicular to the orbital plane and their longest axes coincident with the line joining 
their centres. The rounded minima denote that the eclipses are partial and hence point 
to an inclination differing from 90°. Furthermore, this inclination must necessarily be 


comparatively small on account of the unusually small range of variation, less than 0™- 20. 
i 
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The secondary minimum has a well-marked displacement with respect to the epoch (P/») 
following the primary eclipse, thus indicating an orbital eccentricity. The small differ- 
ence in the heights of the rounded maxima point to a periastron effect. Finally, the two 
bodies have approximately the same surface brightness since the depths of the minima 
are practically identical. 


In order to find the true eclipse elements of the system we have first to remove from 
the light variations the changes due to the periastron effect and to the ellipticity of figure 
of the stars. 


4. Tue PERIASTRON EFFECT 


‘. 


The difference in the observed maxima, of the order of 0™-05 is here relatively 
important and must be taken into consideration. It may arise from various causes 
connected with the eccentricity of the orbit, such as the differential reflection, tidal effects, 
or increased ellipticity that result when the stars are nearest to each other. The effect 
may be eliminated by subtracting the term 0-025 sin @ from the observed magnitudes. 
The broken curve in Figure 2 represents the observations rectified for this variation. 


5. DETERMINATION OF THE ELLIPTICITY CONSTANT 


The notation used in the remaining sections of Part II is due to Russell®, whose 
methods, equations and tables contained in the articles quoted are employed. 


From the light curve we pass to the intensity curve by the relation: 
lopsht=" 048g) ete Pe ee ee ee (1) 


where unity of light intensity corresponds to maximum magnitude m = 0-205. For this 
transformation Russell’s’ table giving the loss of light corresponding to an increase in 
stellar magnitude is of great use. Plotting the values 1—/? against cos? @ we obtain a 
curve whose tangent at the point cos’ @ = 0 determines the ellipticity constant 28. The 
derived value is: z = tan! 3°, = 0-0524 with an uncertainty of + 0-05. 


For elliptical stars, darkened at the limb, the factor za may be determined in a similar 
way from the equation: 


ae 0 nT NORSK (2) 
and the uniform factor z, obtained by the relation?: 
Pa=D/4 24 — (5/28) Baad. ... Joie etnies eel (a) 


A plot of 1—1 against cos’ 6 gives the result 2g = tan? 5° = 0-0875, and hence z = 


0-1080, a value consistent with the first determination. Two solutions of the orbit will 
be made, rectifying the observations by the factors z, = 0-0524, and z. = 0-1080. 


The values of 1—? computed from the equation 


1—[? = z cos? 6 (4) 


SSS 6s 0 oN 8) 69 oie. 10) "6, Celb'e, Ue Ley ie A ORR TR, Simi et te 


are converted into stellar magnitudes with the help of Table A and the results subtracted 
from the magnitudes tabulated in column 6, Table X. 
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An abridgment of the computations is given in Table X, where the several columns 
have the following significance: 


Col. 1, 4 
2, 6 


time intervals from principal minimum in days. 


longitude of the small star measured from inferior conjunction. 


, m' observed magnitude, 6™-00 + 


Jv 


light corresponding to m'’, m') = 0-180. 
correction for periastron effect. 


, U" light corresponding to m™, m™) = 0-205. 


correction for ellipticity factor 2; = 0-0524. 


3 
4 
5 
6, m" magnitude rectified for periastron variation. 
7 
8 
9 


, m™ magnitude rectified for 2. 


Tree 


light corresponding to m™. 
correction for ellipticity factor z. = 0-1080. 


12, m™ magnitude rectified for 22. 


13,-0~ 


TABLE X.—ELIMINATION OF PERIASTRON 


light corresponding to m’”. 


SCHOMARNOHAKRNODHARNO 
ert 
ns 
& 
=) 
ea 


mi i 0-025sine} m™ @ 2, cos?@ | m™ 
0-375 | 0-8360 0-000 375 | 0-8551 052 347 
0-332 | 0.8694 | +-009 323 | 0-8970 -046 298 
0-277 | 0-9145 | +-016 261 | 0-9497 -030 245 
0-240 | 0-9462 | +-022 | -218 | 0-9880 -012 212, 
0-230 | 0-9550 | +-025 | -205 | 1-0000 -001 205 
0-230 | 0-:9550 | +-025 | -205 | 1-0000 -000 205 
0-230 | 0-9550 | +-024 | -206 | 0-9991 “002 205 
0-246 | -0-9410 | +-021 | -225 | 0-9817 -015 PALes 
0-301 | 0-8945 | +-015 | -286 | 0-9282 -033 268 
0-344 | 0-8594 | +-007 | -337 | 0-8856 -048 310 
0-364 | 0-8441 | —-002 366 | 0-8622 -052 | -336 
0-314 | 0-8839 | —-010 324 | 0-8962 -043 | -301 
0-250 | 0-9376 | —-018 268 | 0:9486 -026 | -254 
0-194 | 0-9872 | —-022 216 | 0-9898 -009 | -212 
0-181 | 0-9991 | —-025 206 | 0-9991 -000 | -206 
0-205 | 0-9772 | —-024 229 | 0-9781 -004 | -227 
0-249 | 0-9384 | —-020 269 | 0-9428 -019 | -259 
0-309 | 0-8880 | —-013 322 | 0-8979 -037 303 
0-367 | 0-8418 | —-005 | -372 | 0-8574 -050 | -345 
0-375 | 0-8860 0-000 375 | 0-8551 052 | -347 


WWWWNNNNNKKRPKEH HOODOO OCOC SO 


or 0 
iS) 

woe 
Qs 
on 
os 
oo 


AND ELLIPTICITY VARIATIONS 


The columns /™ and I'” when plotted against the time, give intensity curves ,whose 
variations result from the mutual eclipses of the two stars. The solution ofj,these 


curves gives the desired eclipse elements. 


page 287. 


The magnitude curve m™ is shown in Figure 2 


290 THE DOMINION ASTROPHYSICAL OBSERVATORY, VICTORIA 


6. THE SOLUTIONS 


In the following solutions the stars are regarded as uniformly illuminated dises. This 
is in accordance with Milne”, who shows from radiative principles that the limb-centre 
ratio decreases with increasing temperature, for a given wave-length, and vanishes for 
high temperature stars. No solution has, therefore, been attempted considering the stars 
as showing darkening at the limb. The spectroscopic orbit shows that the brighter star 
is eclipsed at primary minimum. A preliminary solution indicates that the larger star 
is the brighter. 

First Solution—Hypothesis —Two elliptical stars appearing as uniformly illuminated 
dises, revolving in a circular orbit, partially eclipse one another. The light curve is 
rectified for a periastron effect and for an ellipticity factor 2, = 0-0524. 


From the intensity curve /™ we find: 
Ap = 0-8774 1-rA, = 0-1226 
As = 0-8864 1-),; 
From the principal minimum we find values of sin? @ corresponding to different 


fractions (n) of the maximum obscuration, and deduce the following values of the x 
functions: ji 


| 
(oss) 
=" 
— 
oN) 
op) 


x (k, a, 0) = 2-58 
x (k, a, 4) = 1-78 
x (k, Qo; t) = 0-48 


a and k may then be found from the relations: 


15, 0:3000 | ead, aout aaa 5 
ay = 1+ SP = 0-136 + (5 
5 =e S18. “Lee eee eee (6) 


with the help of Table III (Ap. J., 35, 337). 


Using the graphical method described by Russell" it is found that the curves repre- 
senting equations (5) and (6) when superposed in the prescribed manner, run parallel 
throughout their entire length, thus denoting an indeterminate case. This was indeed 
expected, for it is well known that the orbits of “eclipsing binaries of such small range 

. can only be solved by the addition of other data than that derivable from the 
light curve,’’” 


Passing from a circular to an eccentric orbit, on the same hypothesis, we adopt the 
spectroscopic values of e and w. This gives us an additional equation :8 
1+kp (ka)  1—esinw 
1+kp (kas) 1t+esinw 
also we have: 
fia 1 1a a 0. 1136 0. 1226 


2 
Qs k Q0p Q0s oop 


= Ti Q88 =e A ee (7) 


=. 1 i.e (8) 


as the relation between the losses of light and maxima eclipsed areas in an eccentric orbit.!4 
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A few trials using Table I (Ap. J. 35, 333) for the p- functions, give the values: 
k = 0-65, Ap = 0-395, as = 0-480, 


which satisfy these relations, consistent with the estimated relative intensity of the 
spectral lines. The beginning of the eclipse takes place at t’ = 0-76, 6’ = 77° 40’. The 
elements 7 and a are then found from the equations:® 


cos’ 7 + sin’ sin? 6’ = a,? (1—z cos? 6’) (1 + k)? } 9 
Gost = a, (l—e)41-+-kp (hcp) | (9) 
whose solution yields the values: 7 = 52° 31’-5, a, = 0-598. 


The true elliptical elements are then derived from the circular elements of the 
primary minimum by means of the approximate equation’: 


Rote = cout 2 gals ay Spy on ie os deme 2 bce tees Ba (10) 


They are given in Table XI, together with the remaining elements: ¢, bi, d2, bo, Ly, Lo, 


J 
7 ; all of which are readily computed from the simple formulae: 


2 
2 = z cosec’ 2, a. = ka 1—X 1—; 
in 2 2 ; | Tha P Ly = Pon PELRY 
b; = (1—e’) by = kb; Kap Qos 
eee it 
Jo yi Le vite 


Second Solution.—The solution of the intensity curve I’, for which z, = 0-108, 
closely parallels the former solution, which is given in detail above. The different initial 
conditions are: 

1-—A,; = 

1—rs = 0-0870 
somewhat smaller, in consequence of the larger value of z. Equation (7) is the same ; 
while the new values of the losses of light (12) are substituted in (8). The resulting 
elements are tabulated in column 2, Table XI. 


| 
=, 
S 
ive) 
Or 
S 
UNO 


TABLE XI—THE PHOTOMETRIC ELEMENTS 


Solution 
Element 

I II lil 
Maximum obscuration, primary eclipse...............-..004: Oop 0-395 0-35 0-480 
Maximum obscuration, secondary eclipse...........-....0000- Qos 0-430 0-393 0-514 
Bos tayaye TREKOIITS, «pn cd) gn bee eo Grey Claes ONE SO SO no k 0-65 0-59 0-70 
Major semi-axis, larger star......... A Cece ORE Nn a 0-607 0-617 r= 0-594 
Minorgemicaxisy lArSerStat erent. alas Rie else alsa en by 0-581 0-559 
Major semi-axis, smaller star.............--0 see eee e eee ee ay 0-395 0-364 ro= 0-416 
IManoOnmsenii-amais SIMAller Starewein a werner ce stceea. ciate «Ate ats be 0-377 0-330 
De CenpelGli veo MINOridIANISCCULOM rma tq 1 tains anale ciateteun orelcne (erties € 0-291 0-425 
HUI hy MODS IAI aici heres Un Nein en ewe Kee seen ee eee z 0-0524 0-1080 
MnclinalOneoreorpiislan lanl Case cae) ne ise Gian ets ac sie asec. se awiehe a 51°-8 50°-7 56°-0 
Uae ES acyl Sn ee ee ee eae ae Ly 0-736 0-779 0-697 
Tae OE RTO AUASI A syd 2 8s ole etd vksie ¢ caba a raea als Hae ae OG os Le 0-264 0-221 0-303 
Ra OLOmsunicte care ease emer tei sts via dase © te ts 1 Ji 1-175 1-232 


NN 


a 
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Third Solution—Since any assigned value of the ellipticity, however small, decreases 
the loss of light at minima and therefore lessens the orbital inclination, a maximum value 
for this element may be derived by solving the intensity curve I’ considering the entire 
variation as due to the eclipses. The hypothesis of this solution is that of two spherical 
stars appearing as uniformly illuminated discs and revolving in an elliptic orbit. The 
losses of light are here: 


1—r, = 0-1640 0-1559 O21 640 sb on Seiasesret ae Ce (13) 
1-)A, = 0-1559 Gog | ars 

From the curve we find: 
sin? 91 = 0-7860, sin? 63 = 0-4636, sin? 63 = 0-1564. E 

A solution of equations (13) and (7) gives the values: 
ce 0s70 I, = 0-697 
Qop = 0-480 Lis 2 B08 caus <3 cage oo egevedy ano et eee (14) 
Qe, = 0-514 


‘The equation defining the beginning of the eclipse 
sin? 6, = C w (0) + D a (0) ee eee ee (15) 


1s here imaginary, indicating that the two stars are in contact. Since we may proceed o.uy 
be making assumptions, we take the beginning of the eclipse as corresponding to maximum 
light, for which t’ = 0-93, 6’ = 95°-1. Using equations analogous to (9), in which q, is 
replaced by 7, and the term in z is unity, we proceed to the final values given in Table XI. 


The third solution, although based on an impossible hypothesis, demonstrates that 
the inclination cannot exceed the value 56°. The adopted ellipticity factors of solutions 
I and II are admittedly too low when one considers Darwin’s ellipsoids of revolutions 
and Shapley’s results'®. We would expect such large stars, practically in contact, to 
exhibit a very large eccentricity of figure; yet the correction of the observed magnitudes 
by any value of z>0-15 will so distort the intensity curve as to make its interpretation 
as an eclipse phenomenon very difficult indeed. Considering the spectroscopic confirma- 
tion, there is no doubt attending the eclipse hypothesis, and all we can say in regard to 
the ellipticity is that while the adopted values appear too low, they were derived by the 
usual method, and appear to satisfy the observations. 


7.—DETERMINATION OF THE DupitTaL ECCENTRICITY 


One more comparison remains to be made between the spectroscopic and photo- 
metric orbits. From the displacement of the secondary minimum we deduce the trans- 
verse component of the eccentricity ¢ cos w by the equation: 

PR eS 
€ cos w = — Manali Ey) IPE re OP ire ses (16) 
P (cosec? 7 + 1) 
Substituting the values: t,—t = m,—m, = 1-83 (Table VIID), 7 = 51°-8, P = 3:52341, 
we find for the star being eclipsed at the secondary minimum, i.e., for the fainter star, 
ecos w = +0-038. 
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Hence for the brighter star e cos w = —0-038 which is in agreement with the spec- 
troscopic value —0-032 +0-007. 


The line of sight component, ¢ sin w, is rarely derivable independently from the light 
curve and then only in the case of a total eclipse, from a consideration of the relative 
lengths of the minima. We may, however, compute it as a check upon our adopted 
values of k, agp aos by the relation”!: 


esinw = AS OS Ba i hh (17) 


2+ (Pp + P,) k 
Entering Table I (Ap. J. 35, 332) we have esin w = —0-0185, in exact agreement with 
the spectroscopic value. 


8.—ASYMMETRY OF THE LIGHT CURVE 


The asymmetry of the light curve is usually so small as to escape detection by all 
but the most refined observations. It is very prominent in this case, as is seen from the 
intensity curve I". The effect is to increase the duration of the light changes on that 
side of the minimum nearest to the adjacent secondary minimum, and to decrease the 
opposite branch by the same amount e. The computed value “is: 


ee eee 9,—1) (cose? 2 = C08 Oy). oie ses bes ee wae eases es (18) 


Substituting the values for light curve 1, i = 51°-8, & (end of eclipse) = 0-70, 0 = 
71°-5, h = —0-032, we deduce e = +0-089 radians, which converted into time = 0.0499 
days. This is in good agreement with the observed value e = 0-06 days of I”. 


The equations for the orbital eccentricity and the asymmetry of the light curve both 
involve the inclination of the orbit. The agreement of the former with the observed 
spectroscopic value, and of the latter with the theoretical amount further strengthens 
our confidence in the derived value of the inclination. 


9. DETERMINATION OF 2 AND € BY ROBERTS’ THEORY 


Since the masses and the sizes of the stars (and therefore their densities) depend 
upon an exact determination of the orbital inclination, it is a matter of some consequence 
to verify the deduced values by an independent method. For this purpose we employ 
Roberts’ theory of a close binary system’’. In the course of the derivation of the ele- 
ments, the inclination and the eccentricity of figure are found simultaneously from a 
consideration of the losses of light at two epochs. Two tables, computed on the basis 
of stars revolving in contact, are given by the author for determining these elements. 
Table I (Am) gives the decrease in magnitude at minimum as compared with maximum 
brightness, computed for every 10° of inclination and every 0-1 of &. Table IT (Am) 
gives the decrease in brightness for the same arguments, when the eclipse is half through, 
when @ = 45° (Roberts uses ¢). 


For our magnitude curve, m”", corrected only for the periastron effect. we find: 


A m= 0-170, Am: = 0™-050. 
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Interpolating Roberts’ tables for these losses of light, we derive the data tabulated 
in Table XII. 


TABLE XII—GRAPHICAL DETERMINATION OF 7 AND e€ 


For Am, = 0™-170 (Table I) For Am, = 0™-050 (Table IT) 

when & = 0:0: 7 = 37°-0 when & = 0-0: 7 = 35°-9 
0-1 39 -2 0-1 41 -4 
0-2 41 -9 0-2 46 -0 
0-3 44 -6 0-3 50 -0 
0-4 46 -9 0-4 §3 +5 
0-5 49 -1 0:5 56 -3 
0-6 51 -4 0-6 58 -5 
0-7 laa OF 0-7 60 -7 
0-8 lay of 0:8 62:7 8 
0-9 57 -4 0-9 64 -3 


Curves constructed with @ and 7 as coordinates intersect at an angle of 20° at the 
point 7 = 37°-5, & = 0-03; or since our fundamental plane is the tangent plane, and not 
that containing the line-of-sight: 


1 = 52 5, © = 0:03, « = 0-174 


both of which are in excellent agreement with Russell’s theory. 


10. ConcLUSION OF ParT II 


The successful application of the eclipse theory to a light variation of such a small 
amplitude (less than 0™-20) well illustrates the precision of photometric observations 
made by a skilful observer. Without the assurance that the measures were of the highest 
order of accuracy it would have been unwise to attempt a solution of a curve whose 
interpretation is beset with many uncertainties and difficulties. However, the good 
agreement shown to exist between the photometric and spectroscopic orbits justifies 
confidence in both sets of observations. 


The solution of the orbit principally depends upon the spectroscopic data, in particular 
upon the estimation of the relative intensity of the spectra. The assumption that the 
magnitudes of the components are in this ratio has heretofore been made when it is 
necessary to introduce this ratio in order to effect a solution. The recent investigations 
on stellar photospheres indicate that this assumption may be greatly in error. But, as 
Shapley” has shown in the case of wu Herculis*, a considerable error in the determination 
of the magnitude difference does not seriously affect the orbit. A change of k, the ratio 
of the radii, through a large range is accompanied by small changes in the inclination, 
masses and densities. This effect is fully considered in the discussion on the absolute 
dimensions of the components, Part III, page 297. 


The confirmation of the orbital inclination and ellipticity factor by the independent 
method of Roberts strengthens our belief in the accuracy of the deduced values and 
permits us to confidently proceed with the computation of the absolute dimensions of 
the system. 


* The solution of H.D. 1337 is similar to that of u Herculis. 
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PART IJI—THE PHYSICAL CHARACTERISTICS OF THE SYSTEM 


1. ConsTANTS AND DERIVED ELEMENTS 
The computations in Part III are based upon the following constants for the sun 
and the elements determined in the preceding parts of the paper. 
Sun T = 5860°- m= —26™-72 M = +4™-85 
d = 1920” D= 865,000 mls. R = [5-84264] km. 
H.D. 1337 Spectroscopic Data Photometric Data 


mesm® 1.=— 17-6.0 ti eee ok 
m,sin?t = 16:4 © m= 0:594a L, = 0-786 
asint = 21-935,000 km. ro = 0:386a IL, = 0-264 


= 31-5 solar radii 


2. ABSOLUTE Masses AND DIMENSIONS 


Combining the results of the two orbits, the actual masses and dimensions of the 
two stars are readily computed. 
Separation a=27,918,000 +429,000 km. 


= 40-1 +0-6 solar radii 
Brighter component Fainter Component 
Mass 36-3 +1:7 © 33-8 + 1-6 © 
Radius 23-8 © 15:5 © 
Surface 566-4 © 240-2 © 
Volume 138480 © St28 © 
Density 0-0027 © 0-0091 © 


The 6 per cent uncertainty in the masses results from the 2 per cent uncertainty in the 
orbital inclination. 


The densities may be checked by the formula of Russell!: 


US tak ond ea 
= > pp = 0-01344 —# ” 


ry D2 723 


pi = 0-01344 


by substituting the minimum masses found in part I: y = 0-518, l—y = 0-482 
and the relative radii deduced in part II: 


r, = 0-594 i) = 0-386 


Undoubtedly the most important result of this investigation is the determination of 
the densities of these O-type stars. It is necessary, therefore, to carefully consider the 
effect on the densities of a considerable error in the principal assumption of Part II, 
namely, that the stars differ by 1-11 magnitudes. To show that the physical properties 
of the system, i.e., the size of the orbit, the inclination of the orbital plane, the radii, 


1 The references are found at the end of the section, page 306. 
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masses and densities of the component stars are little changed, even when the magnitude 
difference varies through a considerable range, we make three additional solutions of the 
photometric orbit, adopting values of Am varying from 0™-25 to 1™-11. The results 
are given in Table XIII. 


TABLE XITI—CONDITIONAL SYSTEMS 


Blemant I II Il IV 
Dsioitte 0-25 0-50 0-80 dei 
eee 0-557 0-613 0-676 0-736 
sak aeihe 0-443 0-387 0-324 0-264 
K 8 voile, 0°97 0-86 0-74 0-65 

I 
ee ti 0-234 0-270 0-320 0-395 
= dilate 0-257 0-294 0-351 0-430 
eeu. 50° 017-5 | 50°33-5 | 50°437-0 | 51°47" 
ricneli: othe Whe O-508 0-538 0-575 0-607 
hens 0-485 0-514 0-549 0-581 
Oa Stel 0-493 0-462 0-426 0-395 
be above. 0-470 0-442 0-406 0-377 
pe. Ae 0-496 0-526 0-562 0-594 
ie 0-481 0-452 0-416 0-386 
pie | ONT 0-978 0-978 0-980 
Pel a 41-10 40-80 40-70 40-10 

Poe 39-10 38.20 37-90 36-30 
ee ae 36-40 35-50 35-30 33-80 
fs boli 0-00460|  0-00380|  0-00320]}  0-00270 
p:........| 0-00470]  0-00570]  0-00730]  0-00910 


The results of Table XIII are quite satisfactory. As the components change from 
a condition of equality (system I) to one in which the primary star is fifty per cent larger 
than the secondary star (system IV) the accompanying changes in the elements are in 
general small. The density varies the most, but even in this case the order is not changed. 
Any of the systems would satisfy the photometric observations. In conformity with the 
general practice of previous investigators, the fourth system is adopted, although the 
assumption involved is questionable, and the possibility of the other solutions admitted. 

The mass of the binary system is exceeded by two other spectroscopic double stars, 
B.D. 6°-1309 and 29 C. Ma. It is, however, the most massive of the eclipsing 
systems thus far determined, the next in order being V Puppis (37:2 ©) and Y Cygna 
(81-9 ©). 


3. Tue Masses or THE O-TYPE STARS 


From a discussion of the four O-type orbits available in 1924, Plaskett? reached the 
conclusion that the average mass of these stars is at least five times that of the B’s, and 
is of the order of 40-50 times the solar mass. This estimate is supported by our know- 
ledge of the masses of planetary nebulae, the nuclei of which are either Wolf-Rayet or 
absorption O-type stars. 


Since the publication of his memoir, information on the masses of three additional 
systems is available. Two of these, Y Cygni and H.D. 1337, are eclipsing variables 
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whose actual masses are known, and two of the remaining five are double-lined binaries, 
so that we know their minimum masses. A computation after the usual manner of 
ake , Meo Mo F : 
assigning the probable ratios, a = 0-7, and AA = 0-5, to the three single-lined systems, 
and adopting the average inclination for the five orbits for which this information is lacking, 
shows that the average mass lies within the limits of 38-5 and 51-5 times the solar mass. 
This result, for the brighter stars of these seven systems, corroborates the earlier conclusion 
that the mass of the average O-type star is of the order 40-50 times the sun’s mass. 
It is interesting. also, to discuss the subject after the method of Struve*®. In his 
paper, Struve combines the O’s and B’s into one class and subdivides the stars into fifteen 
small groups whose average periods range from 0-709 to 8854-8. In the following treat- 
ment, the O’s will be considered separately, Cepheids, pseudo-Cepheids and doubtful 
stars excluded, and the ordinary divisions of spectral sub-classes retained. The results 
cannot well be compared. The unusual mass of the O-type stars is readily perceived 
when we compare the class with the B stars, particularly with the three following spectral 
subdivisions, the early B’s. In their physical properties of mass and temperature and in 
their spectral characteristics the stars of types BO, B1 and B2 are more closely related to the 
O’s than to the later subdivisions of class B. The mass data for these, the most massive of 
binary systems, are given in Table XIV, the information being taken from the Third 
Catalogue of Spectroscopic Binaries supplemented by recently published investigations. 


TABLE XIV—MASS DATA FOR O, BO, B1 AND B2 BINARIES 


3 ojn3 7 
Star Type |log10P| K isc Siseckad my, sin? 7 | me sin3 7 my Me = C 
(m+ me)? my 

B.D. 44°-3639..... O6n 2-69 42 OSA Tes ee re cect eee | See ce ee | ee, | 153-3 
2OI@aMadwmneot. O7e 1-64 218 ADO Mp see. ory cts Ia Berd Aaa lt Sac at «lll hg nee | eee ee 357-0 
MOP oe ts se cnsre micas: 08 2-46 110 ical Soe | Pe et rete Mame rene eriote cota see. 338-5 
IR ID GPoIB We ono oe O8e 2-16 2 OGk leerreere tase 75-6 G32" erences eeemereree 0:84 501-3 
EDAD 33 eevee ae O8-5n} 1-55 ZAUSM ees tae | See aaa eee 36-3 33-8 0-93 358 -2 
EDAD) Sot Olean es, O9n 1-92 Tig | cuca sarticeee 13-9 LEE iw en At een ete, < 0-93 318-3 
NWaCyoamreernern| 1 O9ron is ted Dra tegatana eee ol rarer eo Mer hci 16-6 15-3 0-92 322-9 
HDS 2G014 ss BOn 1-36 Papal rattan 14-2 1 a es PY [Pate 0-87 296-5 
Boss’ 6142........ BOn 2-13 GE eeonre te 18-5 LABN oman cre mbas Psa oss cee? 0-69 275-8 
BISCOM ren ah Bon 1-83 113 ay bees ieee aeat 13-0 HOW nll eatia aelits.loA Ge 0-64 239-0 
EVEL Blip 1-16 GUBAE ches. Reeve ee epee ee | eta ete ee 19-2 17-9 0-93 354-6 
ALOT M etttens chore Seahorse Bls 1-90 LA Diels acne: 11-2 WOR Oa: anes hte l| ad Shes 0-95 289-9 
OKO) ate Series Bln 2°32 94 iD )s an Merce’ Geom cnet iota aie inert oa 259-5 
Or. Bin 1-76 101 ESO" peas teal ea care © dll e eee ee ene ee 180-8 
(dies cen emorne Bl 1-65 I one ese aaecte 5-42 SSL Ol eee cortical has cee 0-70 183-7 
WOT ae ence B2n 1-40 VEE aaah eg 5-53 Bee Oil ce ueeswty son Soe 0-76 196-1 
pv Ori. . B2 3:12 34 OLQae hes» seeesell este. bare |B rete ll cen screen a | eee nee 172-8 
DA Ate eek B2 1-60 IGRI a caer 9-6 DES llevan = verona me O SGU) 200-2 

JBOSS OOS co mameo B2 2-09 120 IE 1 Bl ree ngeevane) earrs Rare Rowe ollie ease ollcmo ho so. 280-3 
fee Cena a Manes se B2 1-90 UI Oe ie Tee a ee od meee we tee os oe, 243-1 


* Relative orbit: Ai+K, = 604 km., largest known. 
(m-+m) sin?t = 33 © 
Shapley’s darkened solution gives cos 7 = 0-247, and hence 
m = 19:20, m = 17-9 ©, Ki = 313 km., K, = 291 km. 
t Relative orbit: Ki + Kz = 312 km. 
(m+ Mz) sin?) = 16.4 © 


For = = 0-81, Ki = 140 km., K; = 172 km. 
1 
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The following stars have been omitted from the discussion, as their binary nature 
is questionable. 


Star Type K Mass Function Remarks 

BROOM ZOLT sak ceca soe hs. O6n ay 0-054 Probably pseudo-Cepheid. 

SAR CrEB AAP cette es all. 2, O7 8 0-00035 Orbit from H and K lines of calcium. 

OF Waa a mer saed, carts bev ne fu: 09 9 0-0023 Orbit from H and K lines of calcium. 

BPR OD Rise ee chpaysiclivevelas BOp PX 0-1888 Small K. 

EAU TOR ae. ae hanes Bl PI 0-56 Orbit from H and K lines of calcium. Period, 

655-16 days. 

Je Gi, ee ee ees a ee Bls 9 0- 00002 Pseudo-Cepheid. 

GES COME Rete. hac tars 2 Bl 39 0-00176  |Pseudo-Cepheid. 

iB Gephs mee ter Aerob os khet a « Bls 17 0-000095 |Cepheid variable. 

128 DENS Se yen ine seen B2s key 0-0001 Pseudo-Cepheid. 

FG Or CH ere A A ae B2 21 0-00239  'Probably pseudo-Cepheid. 


The columns of Table XIV are self-explanatory with the exception of the last one, 
where C is the mass constant occurring in the Keplerian expression K* P = C*. The 
stars may be located on Struve’s* interesting diagram by using the third and fourth 
columns as coordinates. 

It is very apparent from the last column of Table XIII that the average value of C 
decreases throughout the four spectral subdivisions. Taking the means, the correspond- 
ing masses are computed by the equation: 


Pie nas 3 1Oe Cnet -14- 26000) oa « osha ss aptnt sono wee (20) 


we find: 
TABLE XV—AVERAGE MASSES OF O- AND B-TYPE BINARIES 


Average M Average m 
No. Type Average C (Brighter 
(Total Mass) component) 


‘1 O 335-9 69-0 © 38-3 © 

Ce eee BO 270-4 36-0 20-0 

| I AE Bl 253-7 29-7 16-5 

ae B2 225-5 20:9 11-6 
DEAN te B3 121-8 3:3 1-8 
ft eae ee B5 97-2 1-7 0-9 
OT een ae B8 148-4 5-9 3:3 
he rece ace B9 116-6 2-9 1-6 

q SUMMARY 

(pee 4 paead ee gree 69-00 38-30 
ROP es BOB 2 te ae a 27-8 15-4 
1 ed BesBog “ocak, 3-3 1-8 
sie, fan BOBO Moses a ocrnct? 8-8 4-9 


* This equation is derived by substituting the values K,=1.25 Ki, e=0, sin? t,y=0.65, in the well-known 
formula for binary stars. 

+ Omitting »v Gem., period 9¥-6, mass >170 ©. 

t Including 6 Lyrae and y» Sgr., excluding 7 Sgr.—composite spectrum. 

§ Excluding TV Cass.—spectral type AO. 

4 Note added April 12th.—Struve’s recent paper, A.N. 5432, 13, 1926, received to-day, gives the mass of the 
average O and B star as 190. This is higher than the average value of the above table (15-3 ©) in consequence 


m 
of his use of the ratio Hea’ 0-5, instead of the usual value a = 0-7. 
m 1 
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The dispersion in mass as we proceed from the O’s through the subdivisions of the 
b’s is very evident, and this a strong argument for treating the O-type stars separately 
from the B-type stars in any statistical discussion on the masses, notwithstanding the 
small number of systems available. Further, this comparative method brings out clearly 
the great difference in mass between the early and late class B stars. The stars.of the 
earlier divisions in this respect are as closely related to the O’s as those of the latter 
division are to the A’s, and the gap between B2 and B3 is considerably greater than we 
have heretofore supposed. Indeed, there is as great a mass difference between the early 
and late class B stars as between the average class O and class B stars, the former being 
seven times more massive than the latter. 


By this method also the average O- class star is shown to be approximately forty 
times as massive as the sun. ‘ 


4. Tue Density or THE O-TyprE STARS 


The densities of the component stars of H.D. 1337 have been shown to be 0-003 Do 
for the large primary, and 0-009 Do for the smaller secondary. We know the densities 
of only one other O-type binary, namely Y Cygni O9-5n*, for whose components the 
values 0-170 Do and 0-158 Do have been determined. We thus have the interesting 
fact that a considerable dispersion in density, approximately 100-fold, occurs in this 
group of high temperature stars, even indeed between two stars of the same spectral 
type and temperature. Apparently these systems must be in different stages of evolu- 
tion, and if we may use the terms giant and dwarf for stars of this class, Y Cygni is a 
dwarf eclipsing system, since the similar components are spherical in form, of diameter 
4-6 times the sun and separated by a distance of 28 solar radii. That is, the adjacent 
surfaces of these stars are not closer than one-thirteenth of an astronomical unit. In 
contrast to this, H.D. 1337 is a giant system, probably of comparatively recent formation, 
whose ellipsoidal components have the unusual size of 24 and 15 solar diameters, and they 
revolve practically in contact. 


But it seems obvious from several considerations that the density of Y Cygni must 
be considerably higher than the average O star, and in all probability H.D. 1337 repre- 
sents the other extreme. In attempting to assign a mean density we may be guided by 
the data from the B-type eclipsing binaries. Excluding the abnormal systems 8 Lyrae 
and RS Vulpeculae, the average density of the remaining five is 0-087, for the ten com- 
ponents} the values ranging from 0-015 to 0-180. It is very reasonable to expect a 
somewhat lower density for the O’s, when we take into consideration the increased 
radiation pressure in the atmosphere of these more massive stars. For these reasons, 
and in conformity with Seare’s values of the mean densities of the B’s, estimates varying 
from 0-1 Do to 0:01 Do have been given to the different O- and B-type stars whose 
spectroscopic orbits have recently been completed at this institution. The establishing 
of the low densities of H.D. 1337 not only emphasizes the conservativeness of these 
assumptions, but shows that the lower limit must be extended to 0-001 Do. 


* The spectrum has recently been re-examined. When the spectra of the two components are superposed 
faint O-type lines of ionized helium and ionized nitrogen are discernible. 
+ For the brighter components only the average density is 0-12 Do. 
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To conclude this section we may say that the less massive and less luminous O’s 
have densities varying from 0-1 to 0-01 Do with a mean of 0-05 Do. The more massive 
stars, such as B.D. 6°-1309, 29 C. Ma. and those having absolute magnitudes greater 
than —4™-0, have densities probably ranging from 0-01 to 0-001 Do, with a mean of 
0-005 Do. The mean value 0-01 Do for this class O, preferred by Plaskett,® is verified 
by this investigation. 


oa en nae ene eee ee f—--------—- -= -—---------> Jo Ewr/h 


H.D. 1337 


ei ees Sana —> 7 Eorth 


Y Cygni 


Fig. 3.—Relative Dimensions of H.D. 1337, Y Cygni and the Sun. 


5. Tur APPARENT AND ABSOLUTE MAGNITUDES 


The light ratio of the two stars indicates a difference of 1-11 in their apparent mag- 
nitudes. Seen separately the stars would have the apparent magnitudes. of 6-56 and 
7-67. Their combined brightness is 6-22 on the Potsdam system. It is given as 6-12 
in the Henry Draper Catalogue. 


The most direct way of computing the absolute magnitude of an eclipsing binary 
is by the luminosity method, as the size of the star is known and the surface brightness 
may be inferred from the spectral type. Accepting Fowler and Milne’s® temperature 
scale, we would assign a temperature of 28,000° K to an 08-5 star. The corresponding 
surface brightness computed by Hertzprung’s’ formula is 7, = —3™-92, thirty-seven times 
brighter than the sun per unit area. This gives for the brighter star M,= —5™-95 and 
applying the correction M, — M,’ = +2™-87 to reduce the magnitude to the bolometric 
scale, we have: M, = —8™-82. For the secondary star: 


Os fe 8s Me ae WM, = 42.47, a, 
J 


2 
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The bolometric absolute magnitude may be checked by the formula given by Eddington’: 
Meo 4:85 =) 6idog 0/110 log Te a 8 ae ge ee (21) 

A final check upon the values of the mass, density, absolute magnitude and surface 

brightness may be obtained by computing the density from the relation which holds 

between these constants of a star’: 


log py = low-mass -+-0-6. Gn, 9). 2 Oe a ad es ee ee (22) 


Recently, the visual absolute magnitude (M,) of the brighter components of a 
number of O- and B-type binaries investigated here, have been computed by the lumin- 
osity method. For convenience the temperatures at present adopted and the corres- 
ponding values of the surface brightnesses and magnitude differences are given in 
Table XVI. 


TABLE XVI—TEMPERATURE (7), SURFACE BRIGHTNESSES (7) AND MAGNITUDE 
DIFFERENCES (M,—My,) FOR O- AND B-TYPE STARS 


Type ft er M,—M, 
m m 
05 35000° K —4-15 +3-61 
O6 33000 —4-10 +3-41 
O7 31000 —4-03 +3 -20 
08 29000 —3-96 +2-98 
09 27000 —3-88 +2-76 
BO 25000 —3-78 +2 -52 
Bi 22000 —3-61 +2-13 
B2 19000 —3-38 +1-73 
B3 16000 —3-08 +1-28 
B5 14000 —2-80 +0-98 
B8 12500 —2-54 +0-75 
B9 11500 —2-33 +0-60 
AO 10000 —1-94 +0:-38 


The temperature is an interpolation of Fowler and Milne’s® scale, assuming a uniform 
difference of 2000° between the O-type subdivisions; a uniform difference of 3000° between 
the early subdivisions of class B. The surface brightnesses are computed by Hertz- 
sprung’s’ formula, assuming that it holds at the higher temperatures: 


weaawie 14300 \ 0-93 


The magnitude difference which is given by Eddington” and Seares" for temperatures 
up to 12000° is computed by the formula: 


Vea = 92h 10 log fi 7568 20 eee eee (24) 


Bolometric absolute magnitudes computed by these formulae are in exact agreement 
with those computed by Eddington’s formula (21). 


* When water is taken as the unit of density the constant in this equation is —2-77. In this paper the den- 
sities are referred to the sun. 
t The constant —5-15 in this equation was obtained from the tabular data given by Seares. 
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It is interesting to note that Eddington’s Mass-Luminosity theory does not satis- 
factorily predict the absolute magnitudes of the components of this stsyem. The stars 
are outside the region shown by his graph. Deducing the bolometric absolute magnitude 
differentially from Capella by means of the tabular data we obtain the values of —6™-54 
and —6™.28, which, when compared with the observed bolometric magnitudes, give 
residuals of —2™-28 and —1™-03. That is, the theory appears to give too small a mag- 
nitude to these massive high-temperature and tenuous stars. 


That the denser stars are well represented is evident from the smallness of the 
residuals. The agreement is even better than given by Eddington. Making the follow- 
ing changes in spectral type, 


Y Cygni B2 to 09-5 


U Oph. B9 to Bd 
RS Vulp. AO to B5 
U Cor. B3 to B8 


and adopting Fowler and Milne’s temperature scale, a recomputation for the thirteen 
eclipsing variables considered reduces the average residual from +0™-56 to +0™-41. 


The secondary stars were not considered by Eddington as the information in regard 
to them is generally not as trustworthy as for the primary stars. The exact spectral 
type of the fainter component cannot always be definitely established, although it is 
usually stated that the two stars have identical spectra. Upon this assumption, a 
similar computation gives the average residual for the fainter components of eleven 
systems (8 Lyrae and RS Vulpeculae excluded) as +1™-70. The stars are arranged in 
Table XVII in the order of increasing density. 


TABLE XVII—MASS, DENSITY, ABSOLUTE MAGNITUDE DATA OF 
ECLIPSING VARIABLES 


Primary Stars Type Temper- Mass Density My, Ms (O-C) 
! ature 

18 iD) IRR Ufs ne eee ansittee, A ecco 08-5 28 ,000 36:30 | 0-003Do} —8-82 —6-54 —2-28 
KW? detvhop oe eto mean ceee s Caer Bl 22,000 19-2 0-046 —5-26 —5-12 —0-14 
VEN We eee ete sa B3 16 ,000 5-24 0-085 —2-64 —1-91 —0-73 
(i ISI a omce pte Cees tas erene B3 16 ,000 7:5 0-097 —2-66 —2-81 +0-15 
(Sh PRUU as ish ok oa) ROR MOORE AOp 10,500 2-39 0-109 +0-08 +0-76 —0-68 
VEC AS erie eternal eee os AO 10,000 1-83 0-118 +1-56 +1-72 —0-16 
VEC yiresntes reel o atend eee 09-5 26 ,000 16-6 0-170 —4.94 —4-96 +0-02 
if (Glo hoe eee ee ee OO Oe B8 12,500 4-27 0-175 —0-75 —1-16 +0-41 
WW Oye hk coes ano rec Ee B5 14,000 5-36 0-18 —1-37 —1-85 +0-48 
Vit, Te Ue Onis: 3 each oW UC ROM RCE One F2 7,600 1-6 0-29 +2-48 +2-60 —0-12 
MUNA crest. tne eae saab ie A2 9,800 2-04 0-87 +2-00 +1-35 +0-65 
AY LUG JY Eres easton rere ieee F8p 6 ,200 0-74 2-8 +5 -37 +5-81 —0-44 
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TABLE XVII—MASS, DENSITY, ABSOLUTE MAGNITUDE DATA OF 
ECLIPSING VARIABLES—Concluded 


Secondary Stars Type Temper- Mass Density My; M, (O-C) 
ature : 
oO m m m 

1s bel Da IB RY Aa oraniac tosciey ence enone 08-5 28 ,000 33°80 0:009Do| —7-31 —6-28 —1-03 
IW COrva rate eriindsieiccnes B8 12,500 1-63 0-015 —1-82 +1-96 —3-78 
ROS ELer CMe wos ot eto B3 16,000 2-9 0-023 —3-01 —0-24 —2-77 
WBN UND seaertoiesecats ce cepeve eas ba revas B3 16,000 2-36 0-033 —2-61 +0-438 —3-04 
TiMULCN Cramer eT ee Oe F2 7,600 1-3 0-04 +1-13 +3-14 —2-01 
HENE © SS ote peiivete Sater toe loncicietie veers AO 10,000 1-01 0-044 +0-27 +4-05 —3-78 
Wa RU rete ats ace aves estos 3 Bl 22 ,000 17-9 0-057 —5-05 4-97 —0-08 
BEAUarN Oran Tce erane & AOp 10,500 2-35 0-107 +0-08 +0-81 —0-73 
WM Wns oan toe pou umane sian ox 09-5 26 ,000 15-3 0-158 —4-94 —4-81 —0-13 
OP KO} ohn onciomesern eo on aioe B5 14,000 4-71 0-16 —1-37 —1-52 +0-15 
TEX ION sttea cod. ste cae uecerce ean A2 9,800 Wex7/7l 0-75 +2-00 +1-86 +0-14 
AUG SN (Bsa cc See kee ae eee eee F8p 6, 200 0-52 1-9 5-37 +7-41 —2-04 


M, is the bolometric absolute magnitude computed by the luminosity method. 
M, is the bolometric absolute magnitude computed by Eddington’s theory. 


Satisfactory results are obtained for such systems as Y Cygni and: V Puppis, where 
the components have approximately the same mass and are of equal density. But such 
systems as Z Vulpeculae, u Herculis, U Coronae, etc., where the more massive and 
denser primary is attended by a larger and less dense secondary evidently present 
difficulties. If peculiar radiating conditions exist so that the observed spectra greatly 
mislead us as to the true effective temperatures of the secondaries, then, as Eddington’ 
states, “It is a failure of the test rather than of the theory.” However, the progression 
noted in the residuals seems to indicate that Eddington’s theory applies to stars which 
have reached a certain order of density and that in the earlier stages of evolution, such 
as apparently present in H.D. 1337, possibly rather an exceptional condition, some 
correction to the theory is required. 


6. Tor PARALLAX AND SPACE VELOCITY 


The parallax computed by the usual formula from the visual absolute magnitude 
is t = 0'-00032, a distance of 3200 parsecs, approximately 10,000 L.Y. This star, and 
B.D. 6° - 1809, which has the same hypothetical parallax, are at variance with Wilson’s"4 
view, that the O-type stars are situated in a ring of radius 2500 L.Y., 7 = 07-0013. 
According to Boss, the total proper motion is 0’’-0096 annually, after applying the pro- 
posed corrections to the proper motions in right ascension and declination. This observed 
proper motion represents a linear tangential velocity of 143 km. per second and when 
combined with the observed radial velocity gives a space velocity of 146 km. per second 
for the system.* This high space velocity for such a massive binary makes the system 
more interesting. It is in accordance with Plaskett’s result that the average space 
velocity of the faster-moving O-type stars is 94 km. per second. 


* The parallax, tangential and space velocities are reduced twenty per cent if we adopt a temperature of 
20,000° rather than 28,000° for this star. 
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7. COMPARISON Between B.D. 6°-1309 anp H.D. 1337 


In concluding this discussion on the physical characteristics of the system it is 
interesting, but probably not otherwise significant, to call attention to the many singular 
coincidences between the elements of the binary systems B.D. 6°- 1309, the most massive 
system known, and H.D. 1337. The comparison is made in Table XVIII. 


TABLE XVIII—SIMILARITY OF ELEMENTS 


Star B.D. 6°-1309 Heb. 1337 
Spectral Type O8e 08-5 
Temperature T 28 ,000° 28 ,000°K 
Period P 14-414 3-52341 days 
Eccentricity e 0-035 0-037 ' 
Amplitude Ky, + Ko 453-08 453-04 km. 
Periastron minus node —_ a 181°-95 210°-16 
Separation @ sin 7% 129 31-5 solar radii 
Mass M sin? 7 138-9 34-0 © 
Density p (0-01) 0-0027, 0-0091 Do 
Visual magnitude m 6-12 6-12 
Abs. mag. vis. M, —6°3 —6:3 
Abs. mag. bol. M, —9-1 —9-1 
Parallax T 0’ -00035 0’ -00032 

: 07-0114, uncorrected 
Total proper motion nm 0’ -0114 eo ane dorrbeted 
Radial velocity Ve + 24 —29 km. pss. 
Tangential velocity 154 143 km. p.s. 
Space velocity 156 146 km. p.s. 


If the period of H.D. 1337 were four times as long the two systems would be prac- 
tically identical in all respects. This remarkable resemblance does not appear to have 
a parallel in the catalogue of spectroscopic binaries. 


8. SUMMARY 


The absolute dimensions of the O-type eclipsing binary H.D. 1337 have been deter- 
mined. Twenty-six observations of the radial velocities of both components form the 
basis of the spectroscopic investigation. The very accurate photometric measures of 
Guthnick indicated a light variation of the 8 Lyrae type of unusually small amplitude, 
less than 0™-19. The measures were corrected for the periastron and ellipticity effects 
peculiar to these systems, and the resulting eclipse curve solved by introducing data 
from the spectroscopic orbit. The photometric orbit alone, is indeterminate. The 
elements common to the two orbits agree within the errors of observation. The system 
consists of two giant O-type stars, of linear sizes 23-8 and 15-5; of masses 36-3 and 
33-8; and of densities 0-003 and 0-009 compared with our sun. These stars revolve 
vractically in contact in a slightly elliptical orbit whose plane is inclined at the angle of 
38° to the plane containing the line of sight. The period is 3-52341 days. Their exceed- 
ingly high temperatures, 28,000° K, and consequent high surface brightnesses when 
combined with their enormous sizes, place the stars among the most luminous thus far 
determined, the components having visual absolute magnitudes of —5™-94 and —4™-88. 
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On the bolometric scale their magnitudes are —8™-81 and —7™-30. The deduced 
parallax is 0’’-00032, a distance of approximately 10,000 light years. The observed 
total proper motion of 0’’-0096 annually and radial velocity of —29 km. per second give 
a space velocity of 146 km. per second for the centre of gravity of the system. 


Through the work of Roberts!®, Myers'”, Curtiss’, Shapley” and others we are 
familiar with such eclipsing systems in the well-known stars 6 Lyrae, V Puppis, RR 
Centauri, ete. According to Jeans” interesting theory of the Evolution of Binary Stars 
it would appear from the observed spectral type and density that we have here one of 
the youngest members of this large family, the fission having recently taken place, if, 
indeed, it is completed. 

The two O-class representatives of eclipsing binaries, Y Cygni and H.D. 1837 , have 
been shown to differ greatly in their physical characteristics, the former being a typical 
dwarf binary and the latter a giant system. It is hoped that these two will not long 
remain the only O-type systems whose absolute dimensions are known, as it is here in 
this small class of very massive high-temperature stars that information is urgently 
required in order to stabilize the current theories of stellar evolution. 


DoMINION ASTROPHYSICAL OBSERVATORY, 
Victoria, B.C., 
March, 1926. 
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THE ORBITS OF TWO SPECTROSCOPIC BINARIES 
By W. H. Curistre 


ABSTRACTS 


H. R. 6506.—Thirty-five spectrograms of the star H.R. 6506 (H.D. 158261) form the basis of the determination 
of the orbit of this spectroscopic binary. As determined from our spectrograms the type is A2, although given in 
the H.R. and H.D. catalogues as B9. The spectrum is characterized by sharp lines suitable for accurate measure- 
ment. The period, determined graphically, is 5-9182 days, the eccentricity is -031. The probable error of a single 
plate is +1-5 km. per second. 

H. R. 5752.—The orbital elements of the spectroscopic binary H.R. 5752 have been determined from measures 
of forty-one single-prism spectrograms. The period is 1-0085 days, e = 0-00, and K= 11-37 km., with a probable 
error of a normal place of weight unity of +0-52 km. per second. 


H. R. 6506 


The star H. R. 6506 (H. D. 158261) a (1900) = 17% 23™-2, 5 (1900) = +34° 47’, was 
suspected to be a binary by Dr. Young from eyepiece estimates of the first few plates 
obtained in 1923. Subsequent measures of these plates by the writer on the micrometer 
confirmed the binary character of the star. Dr. Young then very kindly handed over 
the star to the writer for further investigation, and additional plates were obtained in 
1923, 1924 and 1925. Thirty-five of the thirty-seven plates obtained have been used 
in determining the orbital elements, the two discarded being unsuitable for accurate 
measurement. 

All the plates have been taken with the single-prism camera attached to the 72-inch 
telescope, which gives a dispersion of 29 angstroms per millimeter at Hy. The emulsion 
of the majority of the plates is Seed 30, a few of the last, however, being taken on the 
new Eastman 40. These plates were all measured in the usual manner on the micrometer 
microscope. 

The spectrum of this star consists of many sharp lines suitable for accurate measure- 
ment, and the type, from the inspection of our plates, is A2, somewhat later than that 
of B9 as given in the H.R. and H.D. catalogues. The spectrum of the secondary com- 
ponent has been suspected at times, but it is very faint, if present at all, being blotted 


out by the continuous spectrum of the brighter component. 
24500 
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The following table gives the data of the observations. The phases are based on 
the final elements and the residuals are the ““O-C” of the final ephemeris. It should be 
noted here that the observations are given in G.M.T. as used prior to 1925. The 
observers represented by the initials in the last column are:—C, Christie; H, Harper; 
P’, H. H. Plaskett; Pe, Pearce; 8, Smith, and Y, Young. 


OBSERVATIONS OF H.R. 6506 


| 
No. Date Julian Date Phase | Velocity Resid- Lines Ob- 
uals server 
it INC PPR ACA abt oe inal WRN ee ha ye er ER aii 2,423 , 588 -822 3-295 —34-6 +1-6 20 ae 
Oe sf DOR Ae eR ete EBA eae 3,597-712 0-349 — 8-6 —0:3 14 Cc 
3 oY Deka SRD One CC REO 3,599 -819 2-456 —41-6 +0-9 17 We 
4 # BU peel. 3,601-816 4-453 — 6:2 +2 -2 Aly Ye 
5 July se ee ee 3,604-776 | 1-495 4D A east 18 G 
6 3S RE OAR cies erin to peerd. ate 3, 613-741 4-541 — 6-1 +0-4 15 Va 
7 CS a LO agtewin nes Aa cya cat ne 3, 620-718 5-600 + 2-1 0-0 14 Cc 
8 tad 2 eee te le ald 3,622,805 | 1-769 427 h S-LO-3 14 C 
9 oo DURE xx oa Starr crat ia mek 3 , 623-737 2-701 —46-8 —1-3 18 x6 
10 cs Se ae ey ie ai Ree 3 , 629-748 2-794 —46:-8 —2-2 5 xe 
11 Ulich ek On, ersads. G srcbae Needy. a 3,634-735 | 1-862 43.9 | --D-4 19 Y 
12 S OR Oe at Oe ae 3, 635-744 2,871 —43-6 —0-1 Us H 
13 4 bY) eS te STN Oe RS EPCRA Le Ge 3 ,637-719 4-846 — 3-0 —2-0 16 ny; 
14 % Oye SRE) Se art cee 3, 641-689 2-898 —40-9 42-4 12 a¥4 
15 S DB RM hr ae at 3, 646-780 2-071 —45-8 +0:5 als C 
16 DO aEy ees Pane eae Wak 3,661-703 5-158 + 1-0 —1:3 15 C 
17 Se 9) Bie a Seer haces a 3, 661-835 5-290 + 4-8 +1-9 12 C 
18 Septieel Onna ct crane 3, 679-669 5-378 ofos ol gag, —1-3 12 Cc 
19 es Pap al irene DAs Serre nh, 3, 685-658 5-440 + 3-8 +0:-9 Jat C 
20 ss DAU in EE Ae a ont Re a 2 3,689 -637 3-501 —33-1 —1-1 15 v3 
Pat <e D1. ete ee eee Nol a 3,692-618 0-563 —12-8 +1-5 13 va 
Ne Oda Mave twa banm, sy, cen aie) 3,927-931 | 5-067 oe yee Sere 12 c 
23 tpt ate ee ee epee ee, 3,970-856 0-646 —15-0 +1-9 ile Cc 
24 JUlys Coen ee eee ae 3,971-803 1-593 —41-9 —1-8 12 igl 
25 f Sa ES a MCRED aT SUPT RER ae ME 3,975-805 5-595 + 1-0 —1-1 15 N) 
26 “ OR ster ike ene ena eerie 3,976-779 0-651 —15-2 +1-5 14 Cc 
Pil 3 LOT egecter tcc ee oe ae ae 3,977 -783 1-655 —40-8 +0:3 12 vs 
28 “s SLSR ort ite che tich Aaa Sen: 3,978-808 2-680 —46-2 —0:-5 10 N) 
29 HY LDA Pewee iy ecm ioe 3,979 -816 3-788 —32°7 —7-7 12 C 
30 CDi Sar ok ea 4,040-685 5-375 + 2:0 —1-l 16 Ye 
31 NODS NT a Vat Zane hs yor tint ire 4,295 -863 0-152 — 6:5 —2-0 aay Cc 
32 Sane eee RN ac aan 4, 296-825 1-114 —28-4 +0-9 ll H 
33 so DSN eee iat nad ete 4, 299-769 4-058 —21-4 —3-4 10 Pe 
34 LETTS Sahel DK ye a fn ins 4,311-736 4-189 —10-0| 44-6 12 rp” 
35 es QO ARR ey eetek ee eaters 2,424 322-802 3-418 —31-1 +2:7 13 C 


The preliminary elements were obtained by King’s graphical method. No difficulty 
was encountered with the period, and, as 120 cycles took place between the first and last 
observations, the period so found was accepted as final and not included in the least- 
squares solution. 


the following 35 observations equations were built up, all plates being of equal weight. 
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The preliminary elements, then, were: 


PRELIMINARY ELEMENTS 


Period 

Eccentricity 

Longitude of periastron 
Velocity of system 
Semi-amplitude of range 
Date of periastron passage 


Making the usual transformations 


fet x = by 
ye= 0K 
Uo) 2 Kk be 
u = —K.bw 
K.u 
‘i (1 —e)# 


1M 


Hm 6 ¢ 


I 


5:9182 days 

0-05 

30° 

+22-56 km. 

24-5 km. 

J.D. 2,423,585 .430 


OBSERVATION EQUATIONS OF H.R. 6506 


Pei ielore mois hn cynrs pn © aeebgys 1-000x —0-548y 
SSG S SC ae eae 1-000 +0-550 
5 DISC TOOLS Maer eres eee 1-000 —0-950 
i GES ane ne ee ee 1-000 +0-549 
IS aly 6is (ot esat'enae a: eis at sins 1-000 —0-631 
[6S GHGS OS ce On enn emer 1-000 +0-639 
2/0 SNORE OER Oe a eT 1-000 +1-010 
nes ce uatitene stn Ses 1-000 —0-807 
Bey Palais aiaite ee gar A vals aaseo 1-000 —0-892 
Merrie ishe yore bist atidie sles sais 1-000 —0-859 
Beaks eBeucyeorti sc: 3, agave, athe a¥eln o's 1-000 —0-852 
BPS recs tis fecal 565 lias oso have 1-000 —0-823 
BP anes cohdttoe gh alas Salswie < 1-000 +0-866 
Sin SR Sie ae ee 1-000 —0-808 
BE eres edb loa sane e,2 1-000 —0-928 
son nia age tre Berea NAP ee ETD 1-000 +1-016 
5s OOD EO Oe re 1-000 +1-037 
ing Gictocare or ege Ore nee a ec 1-000 +1-043 
BP ee ain eee charity Soa 1-000 +1-041 
5 iti ERG Ce REE CR TO nEne 1-000 —0-406 
Me Oe Loo fos ona anc tenth op oc 1-000 +0-329 
3 6' tee OO Orci Rca ence ence 1-000 +0-984 
Sod eet me Ceo eee ee 1-000 +0:-227 
Say 8 bate Oeics rere naene eciet 1-000 +0:-704 
-'n extiia, Oso Cho nea 1-000 +1-010 
5 Sec. Sao SO Oe an cee 1-000 +0-280 
eee eas ensusierec asso o.t eye 1-000 —0-743 
Sel coc caicin clear Roane a ec ae 1-000 —0-899 
some ere GOOG 6 ROD CIB Peemron Cra 1-000 —0-106 
hd Ate <a S SIR ERD CRS ROT 1-000 +1-0438 
JS GSO OCIS cee on 1-000 +0:-727 
| Sy SAU AERCICROEGE Ca Se oe Re ee 1-000 —0-285 
Sd d MOCCROIO Oa OOO IOI 1-000 +0-177 
id BE bins Sine nee 1-000 +0:-298 
1-000 +0-449 


pe eiets ts eine 4 \ailet@ Teed. dire) > o76 wee 6 Jt Te 


—0-782u —0-734v 
+0-887 +0-937 
—0-094 —0-108 
—0-837 —0-862 
+0-764 +0-722 
—0-778 —0-815 


+0-278 +0-278 
+0-551 +0-501 


—0-328 —0-320 
—0-408 —0-391 
+0:471 +0-422 
—0:475 —0-500 
—0-543 —0-592 
—0-500 —0-474 
+0-265 +0-224 
—0-204 —0-246 
—0-037 —0-067 
+0-014 —0-011 
+0-094 +0-075 
—0-868 —0-828 
+0-983 +1-028 
—0-313 —0-360 


+1-007 +1047 
+0-690 +0-644 
+0-278 +0-278 
+1-007 +1-057 
+0-643 +0-596 
—0-310 —0-303 
—0-964 — 0-928 
+0-024 +0-000 
+0-754 +0-080 
+0-969 +0-962 


—0-966 —0-954 
—0-942 —0-938 
—0-845 —0-797 


MAWNHWDORHAONNHOOCNUROCHWOHTAMANOCANRRHOROWAR 
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From these observation equations the following normal equations were formed. 
/ 


35-000x + 3.392y +11-402z — 0-514u — 0-697v + 9-800 = 0 
+20-012 — 0-192 + 0-554 + 0-679 —11-663 
421-701 — 3-978 — 3-440 411-127 
+14-948 +14-4385 — 2-229 
+14-868 — 4-433 


the solution of which gave the following corrections: 


x = —0-17 or Sy = —O0-17 km/sec. 

y = +0-59 5K = +0-59 km/sec. 

z = —0-465 de = —O0-019 

u = —2-456 5p = +5°-74 : 
v = +2-540 6T = +0-0956 days 


The final elements with their probable errors are, then, 


FINAL ELEMENTS 


PP e905 Ols2idayve 
€ = 0)031 + 0-016 
@ = 35°14 +. 3°-33 
y = —22-73 km/sec. + 0-14 km/sec. 
Koee= 25-09 im. + 0-38 km. 
TS 228 580 026 + 0-064 days 
asint = 2,041,000 km. 
aes! 00970 
(m-+m)” ‘i 


The sum of the squares of the residuals was reduced from 191-6 ‘to 171-3, or a 
little more than 10 per cent. Evidently then, the preliminary elements were close ap- 
proximations to the true value judging from this small reduction. 

The probable error of a single plate is +1-5 km/sec. The individual measures are 
plotted on the accompanying graph, Fig. 1, of the final elements. 


Dominion ASTROPHYSICAL OBSERVATORY, 
VicToriA, B.C., August, 1925. 


H.R. 5752 


The star H.R. 5752 (H.D. 138213), co-ordinates for 1900 a = 15" 25™-6, 6 = 
+47° 35’, was found to be a spectroscopic binary by the writer from measures of four 
spectrograms taken by Mr. H. H. Plaskett in 1922, and was announced as such in the 
Journal of the R.A.S.C. for April 1924. Thirty-seven additional spectrograms were 
secured during the summer of 1925 in order to determine the orbit of this star. These 
spectrograms were all made on Eastman 40 plates with single-prism and the medium- 
focus camera of the universal spectrograph attached to the 72-inch telescope, which 


km. 


Days. 
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Fig. 1. Radial Velocity Curve of H.R. 6506. 


combination gives a dispersion of about 29A per mm. at Hy. All plates were measured 
on the spectrocomparator using Procyon as a standard, and were reduced by Hartmann’s 
short method. 

Some difficulty was encountered in determining the period of this star, due to the fact 
that the period is very close to one day and that, during the latter part of the summer, 
the observations had to be made at approximately the same hour angle. The first 
period found which appeared satisfactory was of 1-0060 days, but owing to the large 
eccentricity, 0:3, obtained by the use of this period, it was looked upon with suspicion, 
for such an eccentricity is very unusual for so short a period. Further plates were then 
obtained in order to test this period and measures of these plates fell off the curve so 
much as to render the formerly suspected period no longer tenable. After further trials 
a period of 1-0085 days was found, which satisfied all the observed velocities within the 
errors of observation and this was considered as correct. 

The forty-one velocities were then grouped into ten normal places according to phase 
and, as they appeared to fit most closely a sine curve, the eccentricity was considered 
as zero and a least-squares solution was made for the most probable values of T, K and 
y. As some thirteen hundred revolutions of this system had taken place between the 
first and last observations the period was not included in the solution. The time of 


‘periastron passage, T, was taken as that point where the velocity curve crosses the y 


axis with the velocities becoming positive. 
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The following table gives the observational data, the phases being based on the 


final elements. 
OBSERVATIONS OF H.R. 5752 


No. Date Julian Date Phase | Velocity O-C Regions eer 
1 LOZDUN CDs 20 cegs a ierecerehor terete eas 2,423 ,113-071 -910 —26-0 +0-6 1 = 23 1e¥ 
2 Mian a: 24 eee tee esc eae 138-986 -605 —20-3 +3-4 1 = 23 jem 
3 April SS crgercehsee «oie ee: 163-948 -354 —12-0 —4-1 | 11 = 23 jee 
4 (Miaiy- SO arcmin tes sien 184-849 -073 —11-5 +0-6 1 = 23 1e2 
5 ODOM Siyo0 25 Se biae ale sucrs. caedeus ate 4,295-797 -662 —23-5 +3-0 7 = 23 Cc 
6 Huu eVea WY ees, a ges Retain, See cae 320-765 -418 — 9-3 +1-9%; 1 = 23 H 
u Cuneo lie eee ate 322-758 -404 —10-8 —0-4 1 = 23 C 
8 oo ZS PPV eels were Sener ae 324-869 -488 —16-2 —0-3 v7 = 23 H 
9 JULY = ae OMe eer crataenn e re 337 -844 -354 — 1-3 +6:-6 1 = 23 Cc 
10 ce LIES SARS PMS ier 338 -803 -303 — 4-9 ake 5 = 23 H 
11 Ocak ake eye PERRIS 340-746 +229 — 7:3 = aks 1 = 23 C 
12 Ye (Aes. 3 see ee teat nena 342-726 -192 — 8:3 —2-9 1 = 23 Jel 
13 os Ante Sse Wee ede erect conn 348-758 +173 — 6-0 +1-0 7 = 23 C 
14 ss 1S ee SE een eth ates 350-805 -203 — 6-4 —(0)-2 2 = 123 H 
11255 Ng 4 heey GRP CRON rt Cee I 351-707 086 — 9-9 +1-4 i= 23 Cc 
16 ds DS RRR ae ee AY 359-735 056 —13-0 +0-2 1323 H 
17 rae tes See eee ee ee 361-721 +025 —16:7| -0:2] 1 = 23 C 
18 de Sl ae len wk eect rata 362-721 -017 —19-1 —2-3 7 = 23 H 
19 PAULO ae eerste cn ean 363 -696 -991 —15-0 +2-0 3 = 23 Pe 
20 of Pa5Es ey oh aE Neo eee, ra 365-708 986 —18-6 0-0 9 = 23 C 
21 ee / PSR ae OS Ao os 366-722 992 —14-6 +3°6 1 = 23 H 
22 es Gerhart acre eee 368 -733 986 —22-4 —3:-8 7 = 23 Cc 
23 Be Cicer EUS ws teri 369-706 950 —18-3 +3-7 7 = 23 Pe 
24 ss SOHaEY cand & oe eae 370-774 002 —20-3 —3-4 1 15 = 23 H 
25 os LSS cy cine eae oe 375-692 876 —23-0 +3-4 5 = 23 C 
26 se ROCESS eR ec eee 379-666 826 —30-4 —3-4 9 = 23 C 
20 Sc UF oi Pe Tes I Cores Raa eae 379-676 835 —27-1 0-0 9 = 23 C 
28 BY NBs on rR ATE Da OS. 379-737 896 —21i-2 ol 9 = 23 C 
29 as | Leeman coe tteden accbbierat he bs. 379-753 912 —24-7 ok tL = "23 Cc 
30 ee NS Se Aestatorcne merlconth 380-711 862 —28-4 Jo (f= O33 H 
31 = DAVE crete oy tect nce Otiee ee Oe, 382-677 811 2A +0-6 L=) 23 Cc 
32 os DS ae OL ee 385-673 782 —29-9 — 1G ibys 2 C 
33 a Die A Sa ay ae a A 389-678 753 —26-0 +202 1 = 23 H 
34 es Leh ge Creech aT 393 -625 686 —28-2 —0-9 3) = .23 C 
35 a Gite See ceaate caer 393 -657 698 —26-9 +0:-7 1-23 C 
36 NED bern Oe meas che tens hee 402-651 615 —23:°8 +0-5 C = 238 Oo 
37 “ 1) VA Aerie AG Ra poe e PRO 404-637 584 —26-3 —3-9 1 = 23 H 
38 fs Dp gore esr tein eee eee 410-626 522 —20-2 —2-0 L233 C 
39 S 1 Ly eee ne Soa a a 410-699 -595 —25-9 —3-0 He C 
40 ss PG oN eye ROM es ah ek Ae 415-626 460 —19-7 —5-4 1 = 23 Cc 
41 Begs Ay ee Rec. ae 2,424 421-615 sAIS j) 4) = Ye d kOe eens C 
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From these observations the following normal places were formed: 
NORMAL PLACES 
Mean Mean ; Mean Mean : 

No. Phase Velocity Weight No. Phase Velocity Wieigny 
WT nicks chee 051 —12-8 4 Bialy ahah: ere -603 —24-0 5 
on 5 Oe -190 — 7-0 4 ee Bie ol -703 —27-0 3 
Se ines be -328 — 61 3 ee eee 805 —28 -6 4 
ae -404 — 9-2 3 ie pee ee 877 —24-7 5 
Soi -481 —18-7 SiS 10, norco. A 975 —18-3 7 


The preliminary elements, found by King’s graphical method, were:— 


Period 
Eccentricity 
Velocity of system 
Semi-amplitude of range 
Date of periastron passage 


letax. v=) 46.4 
ye rors. 
AZ = —=—Kep. 6 T 


PRELIMINARY ELEMENTS 


Making the usual transformations 


P = 1-0085 days 

e = 0-00 

y = —17-2km./sec. 
K = 12-2 km. 
T= 2;423, 112-170 


the following equations were formed from the normal places :— 


el oe oe ee 


OBSERVATION EQUATIONS 


+0-334y 
+0-927 
+0-890 
+0-582 
+0-145 
—0-582 
—0-947 
—0-957 
0-725 
—0-198 


+0-942z 
+0-376 
—0-455 
—0-813 
—0-989 
—0-813 
—0-321 
+0-305 
+0-689 
+0-980 


—0 
ail! 
=0 
—() 
+3 
==) 
—1 
—0 
—l 
il 


wham wnwonn ow 


ll 
= 


From these observation equations the following normal equations were derived: 
4-100x 


—0-466y 


+1-829 


the solution of which gave the following: 
+0-164 or 
—0-830 
+0-670 


x 


us 
Z 


I 


oy 
6K 
6T 


I 


+0-500z 
—0-217 
+2-262 


—1-400 
+1-739 
—1-775 


— -164 km./sec. 


—0-830 
—0-0088 days 


0 
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Making these corrections to the preliminary elements, we have for the final elements 


and their probable errors: 
Final ELEMENTS 


P = 1-0085 days 
e = 0-00 
y = —17-04 km./sec. + 0-26 km./sec. 
Kos ak: + 0-39 km. 
T = J.D. 2,423,112-161 + 0-00496 days 
asint = 157,700 km. 
m,sin*7 
a UOT © 
(mi+mz)? 


The sum of the squares of the residuals was reduced from 7-67 to. 4-29, or about 
44 per cent. 


Pg IE YT IE ETRE SPS ESET 


—16 


4 6 wes 10 
Fig. 2. Radial Velocity Curve of H.R. 5752. 


The probable error of a single plate is +1-91 km./sec. and of a normal place of 
weight unity +0-52 km./sec. The accompanying velocity curve, Fig. 2, is plotted from 
the final elements, the individual observations being indicated by open circles. 
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THE ORBITS OF THREE A-TYPE SPECTROSCOPIC BINARIES 


BY W. E. HARPER 
GENERAL ABSTRACT 


The three stars under consideration are H.R. 4750, H.R. 8169 and Boss 5579. All three were discovered at 
this observatory. The second and third show the spectrum of the secondary component. In Boss 5579 the com- 
ponents are of nearly equal intensity but in the case of H.R. 8169 the main one has an intensity about six times that 
of the secondary. The minimum value for the combined mass of Boss 5579 is 1-9 and for H.R. 8169 it is 3-0 times 
that of the sun. Considerable time was expended before the period of Boss 5579 was secured whereas that of H.R. 
4570 revealed itself from the start. The last mentioned star has beautiful sharp lines and yields a probable error 
of a plate of only +1-2 km. per sec., while for H.R. 8169 it is +3-1 and for Boss 5579 it is +10-3 km. per sec. 


H.R. 4750 
ABSTRACT 


Sixteen spectrograms of this A3-type star taken during the present season are made the basis of a determination 
of the spectroscopic orbit. The spectrum contains numerous sharp lines suitable for measurement so that the 
probable error of a plate is only +1-2 km. per sec. The period is 11-782 days and eccentricity -060. 


The star H.R. 4750 (1900 a=12> 23™-7, 5=+26° 47’) whose visual magnitude is 6-48 
and type A3, was discovered to be a binary by the writer from the first two plates made 
here early this year. The spectrum contains numerous metallic and other lines and thus 
is one permitting of fairly accurate measurement. The period, determined approximately 
as 11-76 days from a graph of the observations, was incorporated with the other elements 
in a least-squares solution. 


The following table gives the data of the observations. The time is given as Green- 
wich Mean Time in the sense used prior to the year 1925. The phases are reckoned from 
the final values of the period and periastron passage. The residuals are computed directly 
as each observation was treated separately in the least-squares solution. 
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OBSERVATIONS OF H.R. 4750 
Plate Number Date Julian Date Phase Velocity O-C 
PISS Re ed teenie tee en 0 oe 1926 Feb. 27| 2,424,574-926 1-426 —16-2 +0°5 
OOS Seen et ake iss cae eae ek April 12 618-913 10-067 —30-2 +2-3 
I SSB Ee ies cena ae ea ec, ei ee Se | Garp 633-795 1-384 —16-2 +1-4 
SES teeeRe ee eh a ee? yale ae. May 3 639-830 7-419 +18-5 4-2 
55.0 eam at £? Pet eel on SA 1eT 85, 641-788 9-377 —18-1 +2-1 
eS FO ree eter ks ee eee teehee... nn ey “« 10 646-733 2-540 + 5-2 =oe4 
TOE rR oa eS ct ED 648-797 4.604 +41-4 42-5 
TESS Oe ne nck eee ae ante 650-772 6-579 +32-2 —0-1 
RELY Cg ee “ 20 656-717 0-742 —29-4 +0-9 
USASS aan 2 U Remi ete Sy SRLS “ 30 666-756 10-781 —42.9 a6 
EBdOD eee eos ee eae ee hata June 2 669-804 2-047 yey) +0:8 
A SAGO MR Roc oa vas wre Paced des, “85 672-834 5-077 +40-4 ~()-2 
LOCC 2 ener rier rel me NT! re ales “« 10 677-792 10-035 —34-3 —2-4 
PSSA a5 Cy aR le “17 684-749 5-209 +40-4 =0-3 
TERNS a ones gt pres ean Rene “19 686-819 7-279 +22-9 +0-7 
NICD Sk tae, Een te See, “ 27; 2,424 694-749 3-427 +24-8 —1-0 
+45 


—15 


—30 


—45 


_ 
sil 
le mal 
4 . 6 8 


Vig. 1 Velocity Curve of H.R. 4750 Showing Individual Observations 
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PRELIMINARY ELEMENTS 


QP 11-76 days 

e = -05 

w = - 180° 

y = +2-0 km. 

= 42 On 

T = J.D. 2,424,584-790 


Making the following substitutions, 


>a oy 
y = 6K 
Z =. K 6é 
u = —K., dw 
100 K . 
Vi = aa aS 
(oy 
Ku 
lt mean F 
3 (1-<)! 


the observation equations connecting the residuals with the preliminary values of the 
elements are as follows. 


OBSERVATION EQUATIONS 


Do Co) NE A a 1-000x  —0-747y +0-0482 —0-7170 —0-552y —0-766w -—0-0 = 0 
te ee eee eee 1-000 ~ =0-504 — -+-0-611 —0-801" ~“—0:003 ~~—0:932" ~=—3-0 
1 i er 1;000 . —0:-468 _ -+-0:671. «0-008. ©—0-463'. ——0:0465 | 1-5 
Ch a eon ih a aan 000 —0-031  =F1-008 —1-000 —0-853 ~- =1-004 -£0-3 
Rise aot ee ne 1:000 +0-154 40-912 —0-979 -—0-594 -—0-959 43-3 
o_o Ae ee 1:000 -+0-601 +40-134 —0-759 —0-780 —0-709 +2-4 
Ti 2A SO sella near eae nee 100000) --0°S807 me? 0.709 0-321) 0-187 0.201) ~ = 1-7 
Se, i er ee 1000" —+-0:047—-=-0:080 © —=—0:077 ~ =0-061" “= 0-080" =F 1"4 
Te A US hb ae 1-000 +0-950  —1-000 +0-000 +0-000  +0-000 +1-5 
Ra er i og 1-000. 60-755 0-308 ~-0-508" ~~ -+-0-S6l | +-0-547"° «°F 1-5 
Ti 5, a eae i a 1-000'° "0-476 = 0-482 50-851 0-833 ~-L0-807 - =0°9 
Pe cic cdinis 1-000  +0-452 -+0-480 +0-865 40-4538 +0-828 42-5 
Ramee veperterrtes Se nS 1:000 -—0-548 40-526 +0-867 40-519 +0-910  —2-9 
i> 12000)  —0-827  —0:191 +-0:620 -70-280 40-677, | —-2:5 
RN, te hakain'n 5 1:000 -—0-856  —0-284 +0-592 40-595 4-0-6440 +0-4 
in Le. a. ie 1000  —1:028 —0°914 -£0:206 “+0-186 4-0-2207 41-7 
From these were obtained the normal equations as follows:— 
16-000 +0-173y +0-3372 -—1-:049u —0-406v —1-045w +2:-500 = 0 

7-802 -—1-881 +0-053 —0-341 -—0-006 +8-768 

7-048 —2-278 -—1-336 —2-385  —3-099 

8-139 +5-291 +8-183 —2-093 

3:996 +5-272  —3-482 

8-246 —2-092 
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which resulted in the corrections, 


by = —-21 km. 
6K = —-73 km. 
de = -+-010 

do = +18°-50 

5P = -+-022 days 
6t = + -492 days 


The sum of the squares of the residuals was reduced from 57-0 to 47-7, the probable 
error of a plate being +1-20 km. per sec. 


FINAL VALUES 


P «= 11-782idays + -024 days 

€ =: -(060 + -015 

wo = 198°-50 +20°-40 

y = +1-79 km. + -37 km. 

K = 41-27 km. + -60 km. 

T = J.D.-2,424,585,282 + -622 days 
asint = 6,674,300 km. 


In the accompanying graph individual observations are plotted. 
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H.R. 8169 
ABSTRACT 


The orbit of this double-lined spectroscopic binary of type AO is based upon 25 spectrograms taken during 
the years 1925 and 1926. The period is 20-30 days and eccentricity 0-441. The intensities of the lines of the main 
component are at least six times as great as those of the fainter. The masses are respectively 1-87 and 1-08 times 
that of the sun. 

The star H.R. 8169 (1900 a=21" 17-1™, 5=+32° 11’) whose visual magnitude is 
6-03 and type AO, was discovered to be a spectroscopic binary by the author in July, 1925. 
Eight plates were secured that year and seventeen this year. On ten of the plates the 
spectrum of the second component was measured so that the orbit is based upon 25 
measures of the primary and 10 of the secondary. They were all made with the single- 
prism equipment, giving a linear dispersion at Hy of 29 Angstroms per millimetre. 


The spectrum consists of strong hydrogen lines with fairly strong calcium \3933 and 
fainter magnesium \4481. All these are well defined lines and upon them the results chiefly 
depend. In addition there is a background of numerous fainter metallic lines among 
which 4045 and \4233 are the strongest. All these fainter lines are likewise well defined 
and give accordant results when measured which was mostly possible when the spectra 
were fairly well superposed. For component I, the least number of lines measured was 
five, the greatest thirteen, and the average a little over eight. Many of the plates were 
measured twice. The spectrum of the secondary is much less intense than that of the 
primary, the difference being as marked as any that has come to the writer’s attention. 
Probably a ratio of 6 to 1 would not be overstating the case as may be seen from the 
accompanying reproduction where the best plate is enlarged. On this plate six lines of 
the secondary spectrum were measured, but on the nine others showing the fainter spec- 
trum only the lines \4481 and \3933 were measurable and quite often \4481 was of very 
uncertain value. 


OBSERVATIONS OF H.R. 8169 


Component I Component II 
Plate Date Julian Date Phase 
No. G.M.T. Velocity | Wt. O-C Velocity | Wt. O-C 
11910 1925 July 18 2,424 350-932 7-674 +17-8 0-9 —5-8 
11985 Sg 27 359-944 | 16-686 —38-3 0-7 —7-6 + 51-4 0-1 + 9-3 
12191 Aug. 29 393-898 | 10-040 +18-0 0-9 +2-0 
12338 Sept. 21 415-802 | 11-644 +16-8 0-9 +8-4 
12541 Oct. 19 443-687 | 19-229 —68-9 0:8 —4-5 +102-2 0-3 + 1-8 
12567 Hg 24. 448-722 | 3-964 +20:0| 0-4 —3-6 — 64:2} 0-1 —12°5 
12569 Yi errs 10) 454-673 | 9-915 +12-6 | 0-9 —3-6 
12712 Dec. 28 513-575 7-917 +25-4 0-9 +2:°3 
13629 1926 June 28 695-961 | 7-603 +30-2 | 0-6] +6-5 — 61:2} 0-2] — 9-2 
13652 duly sal 698-890 | 10-532 + 6-6 0-6 —7-4 
13749 a 9 706-915 | 18-557 —53-:6| 0-6} +4:0] + 90:0} 0-3] +4 1-0 
13771 ap ylil 708-970 | 0-312 —48:6 | 0-6| —3-6 
13800 emt 7, 714-929 | 6-271 +31-2} 0-4; +65:-1 
13818 Hiei HKG) 716-863 | 8-205 +19-7| 0-71 —2-7 
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OBSERVATIONS OF H.R. 8169—Concluded 


Component I Component II 
Plate Date Julian Date NEY | 
No. G.M.T. Velocity | Wt. | O-C Velocity | Wt. O-C 
13847 July 21 718-932 | 10-274 +11-4] 0-5] -—3-6 
13862 He 26 723-915 | 15-257 —10-2 0-7 +5-1 
13899 SL 729-009 | 0-051 —52-9] 0-5} +0-2] + 79-1] 0-1 — 2-0 
13917 Aug. 2 730-893 | 1-935 + 4:0} 0-8 0-0 
13952 Me 5 733-889 | 4-931 +22-6] 0-5| -—3-9 
14001 EES) 746-877 | 17-919 —50-7| 0-6] -—2-8| + 49-4] 0-1 —22-5 
14012 a0 748-888 | 19-930 —59-4/ 0-8} +2-6}] + 93-5] 0-5 — 2-5 
14048 oe 22 750-912 | 1-654 — 3-8] 0-8] —0-6 . 
14093 ao) 758-744 | 9-486 +20-1] 0-7 | +2-1 
14157 Sept. 8 767-825 | 18-567 —15-1} 0-6| +5-5| + 90:0] 0-2; + 1-2 
14208 Sel omimeer4 246742794 enor eso +24-2] 0-6] +4-6] — 67-6] 0-1 —22-9 


Ficure 2—Velocity Curves of H.R. 8160 Showing Grouped Observations 


The period determined from the two years’ observations was 20-30 days and this 
value was considered definitive. The observations were grouped according to phase into 18 
normal places, twelve representing component I, and six component II. In seeking for 
preliminary values of the elements to satisfy the observations there appeared to be a 
difference in the value of the velocity of the system for the two components. Component 
II seemed to require a systematic velocity 8 or 10 km. more negative than component I, 
whereas, of course, they must be identical. No explanation seems possible for this and 
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some other similar cases on record. Whatever distortion, due to “turbidity” or other 
causes, there is in the case of close spectral lines one would think it should be equally 
operative whether the fainter was to the redward or violet side of the stronger line and 
thus to a large extent eliminate itself from the systematic velocity. The question may be 
looked into further when more data are at hand but for the present, as the relative weights 
of the observations for the two components are as 17 to 2, it was decided to determine a 
set of elements to suit the primary and then secure the best value of the semi-amplitude 
of the secondary, consistent with the elements so determined. 


NORMAL PLACES (MAIN COMPONENT) 


Mean Phase O-C 
== Mean Wt 

Prel Final Vel. Prel Final 
1.3 Sitka apnea ee deren La ne 7-966 7-851 +22-8 3-1 +1-2 —0-2 
RR aa cence ROR NG TRS ASG ROE 10-027 9-912 +15:8 3-0 +0°-3 —0:8 
Te er es cv RE even thse 11-314 11-199 +12-7 1-5 +2-4 +1-5 
28. Rol TO OR ciemie ae S 15-372 15-257 —10-2 0-7 +5-2 +5-1 
re ee he ee TRE Sn cs Sha ee 16-801 16-686 —38-3 0-7 —7°5 —7:6 
Ca oo tiesto Ree ee ae a, 18-643 18-348 —51-8 1-8 +4-4 42-5 
Sf ciels oS BoE rere ao Sree ae 19-344 19-229 —68-9 0:8 —0:8 —4-5 
SP arc ico Peete eT ee 20-045 19-930 —59-4 0:8 +5-6 42-7 
BD ASE 8 ee TE CLE eT B AOD oS 0-308 0-193 —50-6 1-1 —1-7 —1:3 
UO em ay Te Se ni Re ee ee nee eR 1-909 1-794 + 0-1 1-6 —2-4 +0-1 
UL ea a. shure: Secret ware 3-642 3-527 +22-5 1-0 +1-1 +1-0 
1D, => a nue RO SE REPRE ORES 5-642 5-527 +26-4 0-9 +1-4 +0-2 


PRELIMINARY ELEMENTS 


iB 20-30 days 

e = -47 

Wy — 2182 

¥ = —4-59 km./sec. 
K = 47-0 km./sec. 

T = J.D. 2,424,363 -443 


From these elements observation equations of the usual form were built up connect- 
ing the residuals with the elements. In these, for the sake of homogeneity, the following 
substitutions were made. 


x = oy 

y = 6h 

Z = K, de 

u = —K, dw 

Vv = 21-155 6T 
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OBSERVATION EQUATIONS FOR COMPONENT I 


eee Lane eae CRAP en ORBITS ole SCOR cra 1-000x +0-558y -—0-9952 +0-082u +0-112v —-1:2 =0 
PASS TOROS COREE er Do OUD Oe 1-000 +0-428 —0-808 +0:-314 +0-169 —Os5 
Dae eae eo wae Siate sierra eae ome sare ahs 1-000 +0-318 —0-577 +0-436 +0:207 —2-4 
SIS PO eter. ck Did CROCE RO ato 1-000 —0-229 +0-675 +0-701 +0-433 —5-2 
DiXclgn raters avaleastsneboions Moca orteoa Aeirmaia verte © 1-000 —0-557 +1-212 +0-693 +0-605 SileO 
eB S ope Une Ot on near b OG Cine anor 1-000 —1-098 +1-014 +0-397 +0-787 —4-4 
Y Gin e aeRO Ge Aes aibea rene Saar 1-000 —1-351 —0-347 —0-093 +0-334 +0°8 
SEG bid Gas Ee OE ats RGIS OR RESET OR REA ena 1-000 —1-284 —1-097 —0-696 —0-863 —5-6 
ORC aase eS es oer Ceres CTD SO 1-000 —0-942 —0-031 —1-109 —1-722 +1-7 
MO eee es trtstths erinse aisnstameas we snousseasve ee cece Guar 1-000 +0-151 +1-447 —1-143 —0-949 +2-4 
WR yseycecrerserses Suites cealiceae re vaqehteks, atvoncegene-s 1-000 +0-553 —0-029 —0-673 —0-227 —1-1 
AN 2 eer seeker sea ogee ual en Pe founds Rous Ween ona penaa eas 1-000 +0-630 —0-823 —0-259 +0-012 —1-4 


s 


From these there resulted the normal equations :— 


17-000x —0-817 — 2-875z2 .—1-405u —0-742v —15-020 = 0 
8-545 — 4-218 +0-756 +0-610 + 5-299 
13-749 -—1-508 —0:-260 +13-645 
5-918 +5-834 — 6-557 
7-129 — 8-495 


which gave corrections to the preliminary elements as follows :— 


by = + -61 km/sec. 
6K; = —1-29 km./sec. 
de = — -029 

60 = +1°-67 

6T = +0-115 days 


The solution improved the agreement and resulted in a lowering of Ypvv for the nor- 
mal places from 147-5 to 100-0. With the revised elements and a value for Ky of 84, a 
set of observation equations for the six normal places of component II was built up. 


NORMAL PLACES (COMPONENT II) 


Mean O-C 
——- Phase Mean Wt. 

Final Velocity Prel. Final 
LIP cA its Seen Ee PLEA AS Cece mariana Pe 7-603 — 61-2 0-2 — 6:1 — 9-0 
See A PR aceasta ots sarens. OS ese eee 16-686 + 51-4 0-1 + 6:3 + 9:3 
THE, Saeod SOO U8 IDEN BOLE EOE ER Eee 18-454 + 83-2 0:6 — 8-2 — 2-4 
1 Uo aise attri Oe eee CRORE ERE EER Nee aT oe 19-229 +102-2 0-3 == A +. 1-8 
LRM Ne TER ere TT Re NO i Se 20-000 + 91-1 0:6 — 9-8 Saeed 
See WN Fae ga oe RNs Vhs hie asad 3-600 — 65-9 0-2 —14-3 —17-2 
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Spectra of (1) H.R. 4750 
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(2) H.R. 8169 
Enlarged 19.1 diameters 


4476 


—4118 


(3) Boss 5579 


—4528 


it 
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OBSERVATION EQUATIONS FOR COMPONENT II 


AS erent icpae ont ace CCC, x avaten oagnes Maple ore —0-609K, +61 =0 
te FONG 68, ORICA RISE SRR i RAN +0-584 — 6:3 
15 +1-135 + 8:2 
LG Maen Reena ieee US +1-322 + 4-9 
LGRae ey eer ae Ae Sagi che oR 5 +1-248 + 9-8 
LOE Gren cere Po en atk hrs aa —0-567 +14:3 


These when solved gave a correction to K, of —5-05 and reduced Ypvv for the 
normal places from 157-4 to 95-5. Satisfactory agreement was obtained between equation 
and ephemeris residuals in both cases so that one solution was sufficient. The combined 
total pvv for both components was thus reduced from 304-9 to 195-5, about 36 per cent. 

The following, then, are the final elements with their probable errors attached. 


FINAL ELEMENTS 


P = 20-30 days 
e = -441 +-017 
wm = 2197-67 +£3°-15 
oe = ~$9°-67 +3°-15 
y = —3-98 km./sec. +0-65 km./sec. 
K,; = 45-71 km./sec. +0-96 km./sec. 
K, = 78-95 km./sec. +1-90 km./sec. 
T =. J.D..2,424,3637-558 +0-109 
qsint = 10,278,000 km. 
a@sint = 17,753,000 km. 
msin?® sin. 1-870 
msin®?ti = 1-080 


The accompanying graph represents these elements, the continuous curve being that 
of component I. The residuals, shown in the Table of Observations, are scaled from these 
curves and give probable errors for a plate of +3-1and +5-9 km. per sec. for components 
I and II respectively. 
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BOSS 5579 


Fifty spectrograms out of sixty-five secured of this A-type binary are made the basis of the determination of 
its orbit. The component spectra are nearly, though not exactly, similar and show broad hydrogen lines with a 
fairly broad calcium \3933 and very weak magnesium 44481. The hydrogen lines are too broad to be properly re- 
solved and the magnesium is so lacking in contrast that the results have to depend almost entirely on the calcium 
line. All observations are satisfied with a period 1-72897 days and a nearly circular orbit. 

The star Boss 5579 (1900 a=21" 38™-4, 5=+40° 38’) whose visual magnitude is 
5-48 and type AO was announced as a spectroscopic binary by R. K. Young in these 
Publications, Volume I, page 175, from five plates taken here in 1918. The means of his 
measures and those of the writer appear in the table of observations. Sixty plates have 
since been secured but eleven of these were not measured as the component spectra were 
partially superposed rendering any resulting velocity meaningless. Four others, showing 
the lines as single, were measured but later rejected as a re-examination of the plates 
showed the lines to be broader than they should be when exactly superposed. Of the 
fifty plates used in the solution, eleven show the lines as single while on the remaining 
thirty-nine both component spectra are shown. Thus in effect the solution is based upon 


eighty-nine observations. 


The spectra show fairly strong and broad hydrogen lines and the calcium line \3933. 
The magnesium line \4481 is decidedly lacking in contrast and it is only when the spectra 
are superposed that there is sufficient contrast for it to be measured at all satisfactorily. 
At such superpositions other weak metallic lines are glimpsed also. The hydrogen lines 
are rather broad to be satisfactorily resolved even at the maximum separation and con- 
sequently the measures for radial velocity are almost exclusively dependent upon the 
K-line of calcium. The plates as a whole are below the average quality of spectra secured 
here; it would have been better to have exposed all long enough for the K-region and to 
have used that line exclusively in the measurement. What is designated component I 
has its K-line slightly more intense and usually a little broader than the other, although 
the masses are approximately identical. Nearly all the plates were measured twice; 
the results are quoted in the table of observations to the nearest whole number only. 


OBSERVATIONS OF BOSS 5579 


Component I Component II 
Plate Date Julian Date Phase 
Velocity | Wt. O-C Velocity | Wt. O-C 

272 | 1918 June 28 | 2,421,773-945 | 1-513 —112 2 +12 + 65 1 = i 

367 July 16 1,791-:921 | 0-470 +100 1 +16 —127 1 +7 

808 Octrs0 1,897-664 | 0-746 + 31 2 — 9 — 91 2 + 1 
1077 Dec. 20 1,948-5382 | 1-474 —107 2 +22 + 79 2 0 
1127 ORs 1,951-537 | 1-021 — 35 1 +22 
11834 1925 July 4 4,336:905 | 0-410 +106 1 +26 — 84 1 +46 
11848 5 6 |. Capitola ai ORY EAU eee seta GllawoemallaG van sa. —130 1 —36 
11876 2 alle} 4342-971 1-289 —140 2 —10 + 55 2 —25 
11904 eels 4,350-850 | 0-523 + 67 3 —15 —142 3 as 
11981 EDEL 4,359-839 | 0-868 = @ 1 — 3 
11995 gee) 4,361-888 | 1-188 — 91 1 +19 + 60 1 0 


Plate 


12007 
12015 
12046 
12089 
12094 
12125 
12133 
12152 
12160 
12167 
12185 
12247 
12282 
12289 
12296 
12310 
12340 
12382 
12430 
12523 
12540 
12542 
12562 
12566 
12568 
12621 
12687 
12711 
12740 
12743 
12751 
13664 
13680 
13693 
13703 
13735 
13746 
13768 
13801 
13811 
13822 
13863 
13898 
13910 
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OBSERVATIONS OF BOSS 5579—Concluded 
Component I Component II 
Date Julian Date Phase 
Velocity | Wt. O-C Velocity | Wt. O-C 
July 30 4, 362-804 LTC /A Na lis cotter: nee fil (cae cst th ce a RE —109 u aelley 
I BI0) 4,362-:940 | 0-511 Se gl 1 = il —112 1 +22 
Aug. 3 4, 366-869 0-982 0 3 —42 
“8 7 4,370-878 1-533 —140 1 —21 
= 12 4 375-792 1-260 —120 2 = 6 + 90 2 +14 
My 17 4, 380-889 1-170 —110 2 — 4 + 48 2 a 
19 4,382-721 1-273 —149 i —22 + 62 1 —16 
we 22 4,385-751 0-845 =p Za 1 +13 
i 26 4389-729 1-365 —145 2 — 9 sp Ol 2 se © 
26 4, 389-933 1-569 = AlSi7/ 2 —27/ + 63 2 se #3) 
Bm DG 4,392-783 | 0-961 — 18 2 +16 
Sept. 11 4,405-670 | 0-016 18 2 +30 
Sra 14: 4,408 -632 1-249 —103 il +21 + 80 1 ae 7 
iy 14 4,408 -884 1-501 —121 3 + 4 + 91 2 +16 
ee SG 4,410-670 1-559 =I 2 —i7 + 64 2 ae SS} 
ls 4,412-857 0-288 + 54 1 — 2 96 1 +12 
pel 4,415-838 1-540 —152 2 —35 =O 2 +10 
see G 4420-672 1-187 —124 1 —14 + 483 1 = 
Oct. 2 4,426 -700 0-299 + 55 2 — 4 —122 2 1K) 
Sept. 12 4436-614 1-568 — 89 1 +21 
oe 19 4,443 -622 1-660 — 26 
Bea Tealt®) 4, 443-756 0-065 —) 8 2 +20 
oe, 4,446 -674 1-254 —128 1 — 3 se Teel 1 + 3 
S24 4,448-632 | 1-483 —126 2 ap al! aie 2 — § 
sh cou 4,454-618 0-553 sy 3 — 6 —155 3 —24 
Nov. 16 4,471-625 0-271 + 64 1 +13 — 64 1 +39 
Dec 2 4,487-681 0-766 + 32 2 — 2 Sati 1 —26 
sa 2S 4,513-551 0-701 -+-- 70 1 +18 = Oy 1 +12 
1926 Jan. 5 4, 521-587 0-092 — 15 2 — 1 
- 7 4,523-567 | 0-343 + 62 1 — 7 —141 1 —20 
S 11 4 527-569 0-888 — 40 
July 2 4,699 -863 0-285 ae ae) 2 atane —109 2 — 2 
- 3 4,700-912 1-334 —154 2 Se + 64 2 —19 
ve 4 4,701-875 0-568 + 70 2 — 7 —141 2 -11 
S 5 4,702 -883 1-576 = 8o 1 +22 + 44 1 —12 
s 8 4,705 -969 1-204 —131 2 —17 SO 2 ae tf 
a 9 4,706 -867 0-373 ae is 2 + 3 —142 1 —16 
ca 11 4,708 -903 0-680 + 36 2 —21 —106 2 + 4 
re 14 4,714-952 1-542 —100 2 +16 + 74 2 + 8 
i 17 4,716-751 1-612 — 12 
HY 19 4,716-944 0-076 — 4 2 +16 
S 26 4 723-958 0-174 + 50 1 +30 — 44 1 +26 
os 31 4 728-983 0-012 — 10 2 +38 
Aug 1 2,424, 729-900 0-929 — 20 2 + 2 
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Fig. 3 Velocity Curves of Boss 5579 Showing Grouped Observations 


Considerable difficulty was experienced in obtaining the period and for a long time 
one in the neighbourhood of 13 days was favoured. This, however, was not perfectly 
satisfactory and other shorter periods were sought for. Eventually the period of 1-73 
days was found to be the most promising but owing to the somewhat scattered nature of 
the observations, no definite conclusion could be reached last year and the star was held 
over. The observations of the current season together with those of previous seasons, 
leave no doubt that the period of 1-72897 days, finally decided upon, is the correct one as 
every observation is satisfied within the errors of measurement. 

Using this period and the time of periastron passage as J.D. 2,421,774-161 the phases 
of the observations are as given in the table. Here it may be stated that all dates are 
expressed in Greenwich Mean Time in the sense used prior to 1925. The observations 
after being weighted were grouped into 22 normal places, 11 representing each component. 


NORMAL PLACES 


Residual O-C 
— Mean Mean Wt. 
Phase Velocity Prel. Final 
EE ait cn cubic AE 1-503 —124-8 1-2 ab tise 0-0 
DR RN EY ee Leh eas sess Sraccal etn 1-560 —110°8 0:8 SeeSee ee ee 
Sok dain Mi at A tie ee rein ce a nes 0-052 — 11:0 0-4 +20-3 190-2 
ZEN Bs ah ca She REPT eo rte oe PP 0-272 + 56-6 0-7 + ).Q Ea ie 
DST ER Te eee arene out es ea Ue PD see: Sadlane EE 0-394 + 84:8 0-5 see aseul| JL P(g 
preter eRe ar ce sikounee oe) LAREN Bye rete eat Osossds Me 0-542 + 70-1 0:9 =11-6 Oe 
H fi rs BRAC rn Ss PN Ur ler ar an ca 0-724 + 38:3 (Noi7/ = eR 07.38 
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NORMAL PLACES—Concluded 


Residual O-C 


— Mean Mean Wt. OO 
Phase Velocity Prel. Final 
Oe aS CATS tee RSE eee mS cet, koncaluke 0-946 — 9-3 0-4 +16-9 +20-7 
(8 cael Shine ecaeeaci ea Ea i R 1-187 —116-2 0-6 —10-4 — 6-0 
TiC. ana GistkO eR ae erie gu A ee, ee 1-259 —124-0 0-5 — 1-9 + 1-3 
Helene AIC thle ee eG Cee co Da ees eal 1-329 —146-3 0-6 —14-2 —12-3 
DENMRR TEM of. sia, ERO Sees fh cae wn 1-503 + 77-9 0-9 — 0:3 + 3:5 
IG) 5 oecetine, See ORICA aeRO SIGE Rene 1-560 + 63-7 0:7 — 2-4 + 1-9 
1. os aiicre EMSRS REE CRE ini Re aca eae sec 0-052 — 11-0 0-4 Od, + 8-7 
USS sc ceria a ce Nailin area gk dar 0-272 — 95-1 0-7 + 7-5 + 8-7 
MCE NE tare ete chapels Gece whe sie.d hic wre eee aie ee 0-394 —120-6 0:5 ae (roll + 8-8 
NER Gintke ae ete tektites 0-542 —142-8 0-9 —13-1 —10-4 
SMe REN ieee cues A ee osane oe 0-724 —103-9 0-7 — 83 — 6-4 
1 )o.o 05 acl tReet: BS Ten OR eRe en ii ta en 0-946 — 9:3 0:4 +12-5 +11-7 
PLN oan Soe ON ee cities Me OPEE sans ats 1-187 + 56-2 0:6 — 1-6 — 3:5 
Tl ss dis SOR RGR, eater cee One te cr a ae eee 1-259 + 79-8 0-5 + 5-7 + 4-9 
BOE, 3 sts nic NO ng Se tg ay eh er 1-329 + 70-0 0:6 —14-1 —13-7 


Preliminary elements were determined graphically as follows :— 


P = 1-72897 days 

€ = -05 

he Zoo 

2 = aD 

Ka == 110ekin. 

Ko = 110 km. 

Y = —20-58 

TE =) J.D 2.401, 774-161 


The period was considered fixed as 1703 cycles have elapsed between the first and 
last observation. Furthermore, owing to the small value of the eccentricity, it was 
deemed expedient to determine T as accurately as could be done graphically and then 
consider it fixed. Otherwise the similarity of the coefficients having to do with T and w 
would render the solution indeterminate. 


In the observation equations built up according to the usual form* the following 
substitutions were made. The weights of each equation are as given in the Normal 
Places. 


*Publications Dominion Observatory, Volume I, p. 327. 
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OBSERVATION EQUATIONS FOR BOSS 5579 


| Rh Seed ree aR CE en eee it 1-000x —0-929y +0-0002 -—0-896u —0-448vy — 1:4 =0 
DHE SIS eA I STD Oh OME TORN oa REC 1-000 —0-819 +0-000 —1-015 —0-640 = 300) 
SS ei a, coisecions omer agers Rear oes: 1-000 —0-067 +0-000 +0-162 —1-046 —20:3 
AME es her car Pears cert cautery ete ceo 1-000 +0-714 +0-000 +0-969 —0-735 — P40) 
Diya teak ag Ren eased i neck gas 1-000 +0-942 +0-000 +0-337 —0-345 — 5-l 
G Siesokce ete oats Ses tore coterie tne 1-000 +0-961 +0-000 —0-653 +0-177 +11-6 
he doce DR oes ch oa cere eens Oe 1-000 +0:651 +0-000 —0-916 +0-700 ap Bea} 
See cidenks acai bam ae weenie 3 1-000 —0-020 +0-000 +0-262 +0:952 —16-9 
ORT Berke tie cits nein yoo, wee ere dere 1-000 —0-744 +0-000 +0-934 +0-634 +10-4 
IO) ochelte eens ches ns ae ER EO ee? 1-000 —0-892 +0-000 +0-666 +0-429 ae bly 
UN bese & Guy eRe CeO COL) SIA renee Beane Rare Coe 1-000 —0-983 +0-000 +0226 +0-194 +14-2 
LDR ea caine nes nae wee a ees < 1-000 +0-000 +0-929 +0-896 +0-448 + 0:3 
LS Aare Retiree As Roda dont sar euslnona he Sat 1-000 +0-000 +0-819 +1-015 +0-640 + 2-4 
Ae Peete arctere Meare, tiegecsits aly ane wishes 1-000 +0-000 +0-067 —0-162 +1-046 = 27 
UO petexae stretes SeePaceersid oa Goan shee ars 1-000 +0-000 —0:-714 —0-969 +0-735 == 8 
MEG oe ot are Rector ACR taeda earl oer aoe 1-000 +0-000 —0-942 —0-337 +0:-345 Sol 
Tea ova th ea ascata Deaveantiatcch gina laa % 1-000 +0-000 —0-961 +0:-653 +0:177 +13-1 
LS Petrsiccks ratte et wit mes oa. 5 1-000 +0-000 —0-651 +0-916 —0-700 ap tie: 
DG Percy Sa tues, HER ay clei cocesrouscseameleae 1-000 +0-000 +0-020 —0-262 —0-952 Se 
QU) Meee eters cate ere heyecovccairs aretdieaee 1-000 +0-000 +0-744 —0-934 —0-634 ae ile 
DUE ae wae a eee eso wee oat «6 1-000 +0-000 +0-892 —0-666 —0-429 = lier 
1 


hg» RES Se SR on ee 1-000  +0-000 +0-9838  —0-226 —0-194 +14. 
These resulted in the following normal equations :— 


14:200x —0:998y +0-634z2 —0-37lu —0-199v +19-550 = 0 
4-811 +0:000 +0-470 +0-292 + 1-413 
4-486 +0-1388 +0-115 -— 0-160 
8-227 +0-711 +16-500 
4-962 -+10-129 


from which small corrections to the preliminary values of the elements were obtained as 
follows :— 


by = —1-49 km./sec. 
5K, = — -30 km./sec. 
6K, = + -35 km/sec. 
de = — -017 

do = +1°-0 


The value of 2pvv for the normal places was lessened by only 7 per cent, from 1157 
to 1081, but no second solution was necessary as the differences between equation and 
ephemeris residuals did not exceed 0-2 km. 


The final elements, with their probable errors are, then, as follows :— 


P = 1-72897 days + -00001 (estimated) 
€ = -033 e017 

o = 256°-0 +1°°3 

We = 76°-0 +1°-3 

y = —25-47km./sec. +1-44 km./see. 
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Ky 
Ke 

4b 
asin 2% 
asin 2 
msin® 7 
myosin’ % 


109-70 km./sec. 
110-35 km./sec. 
J.D. 2,421,774-161 
2,606,800 km. 
2,622,100 km. 
0-960 

0-950 


+2-48 km./sec. 
+2-55 km./sec. 
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The graph shown represents these final elements, the continuous curve being that for 
component I. The residuals given in the table of observations are scaled from this curve 
and give probable errors for components I and II respectively of +9-9 and +10-6 km./sec. 
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TWO SPECTROSCOPIC BINARY ORBITS 


BY R. M. PETRIE 


H.R. 4535 


ABSTRACT 


The determination of the orbit of this star is based upon twenty-one single-prism spectrograms. The spectrum 
is of type A2 and the photographic magnitude is 6-01. The orbit is very nearly circular and the period is 2-7818 
days. The projected major semi-axis and the mass function are both small. 


The star H.R. 4535 (1900 a = 11 44™-1, 6 = +16° 48’) is noted in the Harvard 
Revised Photometry as spectral type A2 and visual magnitude 5-95. Two spectrograms 
were secured in 1923 and these, on being measured by the writer this spring, showed 
definitely that the star was a binary, a difference of forty-five kms. in the two measures 
being present. Twenty-two spectra were obtained in the spring of 1926 and nineteen 
of them, together with the earlier observations, served as the observational data. Two 
of this year’s plates were omitted on account of underexposure while one plate, although 
apparently normal, gave a discrepant velocity, being about 13 kms. too positive, and was 
rejected. 


The spectrum of this star is characterized by a considerable number of solar lines, 
fairly sharp and admitting of good measurement, the strontium lines at \4077 and 44215 
being particularly noticeable. The hydrogen lines are broad and the K-line of calcium 
of its usual strength for this type of star. A certain ‘‘fuzziness’’ in the edges of the lines 
would lead one to suspect the influence of the fainter component but a measureable set of 
lines was not obtained for it. 

31406—1 
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Below are given the observations of the star in the usual tabular form. 


OBSERVATIONS OF H.R. 4535 


Julian Day Residuals 
Plate Number Date 2,420,000+ Phase Velocity O-C Regions 
SSZO MS ss saeco acre 1923 April 11 3, 521-762 0-762 —44-0 +0:°8 1 = 23 
8903 Paccediind: sere Meare May 2 3, 542-768 2-295 + 1-3 +0-2 9 = 23 
PS SOOE lerererererlcisis ers eais Baay 1926 May 6 4, 641-745 2-461 + 5-9 0-0 1 = 23 
VBS TO wag steven cavers sore We ats 4 646-692 1-845 —20-1 +2-4 1 = 23 
WBS OM ants ches aussie wa disuse hae « a als} 4,648 -754 1-125 —§2-5 +1-7 1 = 23 
SAT Ae ransraiceannmcn s: sceie a pisvstelest mee 4660-781 2-030 —14-2 —1-9 5 = 23 
BATS Sort eke wom eactee eeesree cS 4 663-701 2-163 — 5-6 —0-7 1 = 23 
IBY GaAs creer ae Norcia Ne rruntiotces 29 4, 664-728 0-408 —26-2 —6-0 9 = 23 
S432 eters aye erica en et 4 sii 4, 666-724 2-404 + 3-7 —0:9 7 = 23 
USAR racic os are June 2 4, 668-752 1-650 —33°8 +1-6 1 = 23 
1G a ec, ences ORI SerS Caer Sea ees 4, 669-765 2-664 + 8-0 +1-5 5 = 23 
SAG Di scksvecteinseteLetecna ei erenee 18 i 6 4,672-785 0-120 — 1-2 —0-1 1 = 23 
S48 Capertee hehe ne el O 4,676 -744 1-297 —57°5 —6:0 9 = 23 
TSAO Ue ee ope state tones Gin Sale eter ee alah 4677-753 2-306 + 3-5 +2-0 1 = 23 
LS HOO Re re yc cttre ke weer S ore BS 512) 4, 678-732 0-503 —28-6 Sot! 1 = 23 
NSDQ (ears eein sew Sel eden cee SUS 4,681-751 0-740 —43-2 +0:-4 5 = 23 
VS OA OP aris etter aie aoe ake eles 4 ,684-716 0-924 —49-1 +2:°5 1 = 23 
13559 Meera sons os ake cee 4, 687-728 1-154 —56-0 —2-0 7 = 23 
IG YA Viera o ted AG Oca Reo od 4,690-725 1-369 —51-7 —2-5 7 = 23 
PSGOS Meno teeters eee ole acre <> 28 4,694-720 2-582 + 7:5 +0-5 1 = 23 
S638 Mee ei oman aes July 1 4697-722 0-021 + 3-4 +0°3 9 = 23 


The above observations led to the adoption of the following preliminary elements. 


PRELIMINARY ELEMENTS 


2-7818 days 

0-050 

90° 

— 23-57 km. per sec. 
30-63 km. per sec. 
J. D. 2,423,521 -453 


HAR e ey 
I 


These elements were corrected by the method of least-squares, the observation equa- 
tions being built up according to the method of Lehmann-Filhés. Each observation is 
treated separately and all are given equal weight. As the observations extend over 
three years and as the period is short, it was not felt necessary to include this element 
in the solution. The following transformations were made to preserve homogeneity :— 


x = by 
y = 6K 
Zz = 5006 
u = Kéw 
K 
Vv z 6T 
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OBSERVATION EQUATIONS 


Ee 1-000x —0-127y -—0-2542 —1-042u +41-091v +1-100 = 0 
Oe 1-000 —0-652 -1-007  -—0-808 +0-816 —0-400 
PARE an O55 saci 1-000 -—0-692  -1-018  -—0-772 +0-775 —0-800 
Oe oe re a rR 1-000 -0-914 -—0-750 -—0-457  +40-424 —2-500 
Oe 1:000 —0-999 +0-090  -—0-005 -—0-045 —1-700 
Re eA ca DAAW ics 4 1:000 -—0-994 +0-219 40-061 —0-110  +2-000 
oo Se 1-000 -—0-910 +0-748 +0-365 —0-398 +6-000 
Lua ee ne 1-000 -—0-885 +0-907 +0-501 —0-522 42-500 
Ree Re ee kal SS in 1-000 —0-386 +0-697 +0-872 —0-839 —1-600 
TM Bt OS 0 want on 1-000 +0-002 -—0-004 40-950 —0-902 —2-400 
Dea ence vss 1-000 +0-370 -—0-672 -+0-879 —0-845 +1-900 
a oleae es On ae ae 1-000 +0-611 —0-947 40-741 —0-729 +0-700 
en Se, oh ae eek 1-000 +0-807 -—0-940 +0-541 —0-556 —0-200 
eee 1-000 +0-819 -—0-927 +0-524 —0-542 —2-000 
a 1-000 +0-922  -0-709 +0-338 —0-373 +0-900 
(Res 8 1-000 +0-964 -0-509 +0-216 —0-259  +0-000 
oe ee 1-000 +1-000  -—0-008 —0-046 —0-004 —0-500 
oo eee 1-000 +0-983 +0-368 —0-236 +0-189 —1-500 
PR eos es 1-000 +0-873 +0862 —0-538 +0-511 —0-300 
OS es ee 1-000 +0-734 41-013 —0-729 +0-726 +0-100 
Oe er oe ee 1-000 40-110 +0-228 —1-044 +1:095 +6-000 
The normal equations resulting from the above are, then:— 
21-000x + 1-686y —2-613z2 +0-31lu —0-497v +7-300 = 0 
12-305 —1-545 +1-282 -—1-275 —5-605 
10-410 —0-611 +0-587 +8-871 
8-612 —8-6384 —3-628 
8-676 +3-815 
+ 10 Km. 
0 
-— 10 
— 20 
— 30 
— 40 
— 50 
hate 0-00 0:25 0-50 0-75 1-00 1-25 1-50 1-75 2-00 2+25 2-50 2-75 3-00 


Fig. 1. Radial Velocity Curve of H.R. 4535. 
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The solution of these normal equations gave the succeeding corrections :— 


by = —0-64 km. 


dK= +0-34 km. 
de = —0-032 

dw = —28° 15’ 

6T = —0-222 days 


Below are given the final elements with their probable errors. The orbit, as will be 
seen from the elements, is nearly circular introducing a large probable error in the longi- 
tude of periastron passage; this uncertainty being necessarily felt in regard to the time 
of periastron passage also. 


FinaLt ELEMENTS 


P = 2-7818 days 
e = 0-018 % 0-018 
@ 5="612 45’ Vik cle eon: 
y = —24-21 km. % 0-40 km. 
K = 30-97 km. % 0-50 km. 
T = J.D. 2,423,521 -231 % 0-183 days. 
asint = 1,184,500 km. 
m? sin? 7 0.009 
(m + my A 


The sum of the squares of the residuals was lowered by the solution from 113-3 to 
102-5, a reduction of about 10 per cent. The probable error of a single plate is +1-5 kms. 

The accompanying curve, Figure 1, represents the final elements with the individual 
observations plotted as circles. 


TWO SPECTROSCOPIC BINARY ORBITS 335 


BOSS 3555 
ABSTRACT 


The orbit of this spectroscopic binary whose visual magnitude is 5-91 and type F5 is based upon measures 


of both component spectra. The period is 36-04 days and eccentricity 0-490. The absolute magnitude has been 
previously determined here as 2-4. 


The binary nature of Boss 3555 (1900 a = 13" 42™.1, 6 = +26° 12’) was announced 
by Dr. R. K. Young in the Publications of this observatory, Vol. I, No. 10. Four spectro- 
grams were made in 1919 of which one showed the spectral lines distinctly doubled. 
Twenty-one plates were taken by various observers in 1925 and twenty-four more secured 
in 1926 since the writer undertook the determination of its orbital elements. The spectro- 
grams were made with the single-prism spectrograph using a linear dispersion at Hy of 
about 29 angstroms to the millimetre. 

The star is of visual magnitude 5-91 and spectral type F5. The lines are sharp 
and the components of almost equal intensity so that it is sometimes difficult to dis- 
tinguish between them. The orbit is fairly eccentric and with the dispersion used the 
separation of the components is measurable only about 40 per cent of the time. By 
using a slit slightly narrowed from its usual width of -051 mm., however, a separation of 
about 80 kms. per sec. could be measured. Several plates were discarded owing to the 
partial superposition of the components, only those showing narrow and fairly well- 
defined lines being used to determine the crossing point of the two curves. 

The table of observations showing all the measures used in forming normal places 
is given below. On account of the small separation, previously remarked, several plates 
were remeasured so that errors of measurement might be as small as possible. The 
residuals were scaled from a graph representing the final elements, no residuals being 
determined for points on the curve where the components are blended. With the excep- 
tion of plate number 12828 all the spectrograms were measured on the micrometer engine, 
the number of lines used being noted; this plate showed very sharp lines and was meas- 
ured on the Hartmann spectro-comparator, alternate regions between 1 and 23 being 
used. It might be here noted that the residual of that plate from an ephemeris con- 
structed from the final elements was only 0-5 km., so that the above method of measuring 
was justified. The velocity of plate number 1875 is that given by Dr. Young in his 
announcement of the binary. 

OBSERVATIONS OF BOSS 3555 


Julian Phase Primary Secondary 
Plate Date Day from | oe ee 
Number 2,420,000 + Tr Vel. O-C Lines Vel. O-C Lines 

U7SOmters. Se 1919 April 11 2, 060-836 10-393 | +41-:7 | +2-7 8 | —40:4] —-7-7 6 
MS Hester << 26 2,072-801 22-358 | +10-4 
1 phe Siete 1925 March 7 4,216-994 4-151 | +51-5 —3:6 12 | —50-1 42-4 9 
SOG eck April 5 4 , 245-920 33-077 | —54-8 | —1-6 12 | +75-8| -3:7 9 
TTAS See. cae eS 4, 248-845 BXao(0OY4 || = 100) ao gone 15 
AAS Oso e.0.% ASD 4,249 -836 O:953al| Stan Oto s 13 
iW) ooeade eee lS 4, 253-827 4.944 | +56-6]} +1:-5 11 | —55:9| —3:3 


oan 


11501 ee Le 4, 254-931 6-048 | +53-4' +0-7 5 | —52-4 —2°3 
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OBSERVATIONS OF BOSS 3555—Concluded 


Julian Phase Primary Secondary 
Plate Date Day Lo eee 
Number 2,420,000 + fe Vel. 0-C Lines Vel. O-C Lines 

(USO ecco: April 17 4,257-910 9-027 | +48-1 +4-4 10 | —41-0 —6°8 8 
Tl OS Seer May 12 4 282-777 33-894 | —54-5 —3-1 10 | +81-0 +3:°7 9 
28284 ea. 1926 Feb. 13 4,560 -027 22 S241\\ sO) |Sieeene 1=23 
ASGS9 berets oe July 1 4, 697-757 1G- 3926 los) Gavilan 13 
SG4605.eee. - 2 4,698 -730 TRG || STG IP Ra ok a « 13 
T3656 Sea r ie 3 4, 699-722 18-319) STA ee ere 18 
30702. ths: SS 4 4700-819 19-456 | +12-6]........ 13 
BY ASiies otca a < GF al 4,711-726 30-363 | —37-8 | +4-2 10 | +65-8 —0:9 4 
1SSOOPeeree 5 40) 4,716-713 35-350 | —34-6 —4-1 9 | +50-1 —2:-4 6 
TS82ea cote ee! 4,717-752 0: 349))\| el 29) ieieeeiaee 7 
UBS oc onc « SIS De 4,723-751 6-348 | +46-8 —5:3 9 | —47-7| +1-6 5 
le SOO seer eS 4 ,724-708 7-305 | +55-4 +6:2 11 | —45-5 +0:°5 6 
1995 eer - Aug. 19 4, 746-689 29-286 | —33:0 | +3-2 9 | +53-3 —5:3 9 
14004....... el) 4,747-691 30-288 | —39-9 +1:-8 15 | +59-3 —5:8 12 
1A00G Reeser nS il 4748-677 31-274 | —43:°3 +3-2 24 | +77-0 +5-2 18 
140532 ese. eal IAN 4, 752-684 35-281 | —33-9 —2:-4 10 | +52-9 —0°8 8 


These observations led to the adoption of the following prelimin ary elements, a 
graphical method being used. 


PRELIMINARY ELEMENTS 


P = 36-04 days 


e = 0-49 
On = 257" 
OW = 7h ig 


K, = 54-82 km. per sec. 
K, = 66-46 km. per sec. 
y = +6-70 km. per sec. 
T = J.D. 2,422,014-403 


In accordance with the usual practice it was decided to correct these elements by 
a least-squares solution. The observations were first combined, however, into normal 
places in order to reduce the mechanical labour of the solution. In the table are give 
the weighted mean phase and velocity of each group together with the preliminary and 
final residuals. The weights of each group are also appended. The individual weights 
of the plates were decided upon from three considerations, namely, the general quality 


of the plate, the number of lines measured on a plate and the number of times a plate 
-was measured. 
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NORMAL PLACES 


Mean Phase Primary Secondary 
O-C O-C 
Prel. Final Vel. Wt. Vel. Wt. | 
Prel. Final Prel. Final 

0-586 0-506 + 5-4 0-2 —1-2 = Od yi peennyacaces 0-2 —1-4 —2-3 

4-547 4-467 +54-0 0-6 —1-5 —1-1 —53-0 0-6 —0-6 —0°3 

6-567 6-487 +51-9 0-8 —0-4 +0-1 —48-5 0-8 +0-1 +0°3 

9-710 9-630 +44-9 0-5 +2-5 +3:-2 —40-7 0:5 —4-1 —4°-3 
19-005 18-925 +12-2 0-3 +2-8 SS arr ie Ure ac aaa 0-2 +8:8 +8:-6 
29-286 29-206 —33-0 0-2 +3:7 +3:-2 +53°3 0-2 -—6:1 —5:2 
30-325 30-245 —38-8 0-5 +3:-7 +3:°0 +62-6 0-5 —3:°8 —2-7 
31-274 31-194 —43-3 0-3 +4-3 +3:-4 +77-0 0:3 +4:3 +5:6 
33-485 33-405 —54-6 0-6 —0-7 -1:9 +78-4 0-6 —1-8 —0°3 
35-315 35-235 —34-2 0-5 —2-1 —2-0 +51-5 0-5 —2-3 —2-2 


The observation equations were then built up according to the formula of Lehmann- 
Filhés modified to deal with binaries showing both spectra*. The period was not included 
in the solution as it was felt that any slight change made in this element would not be 
significant and would not materially improve the agreement of the observations. The 
following usual transformations of the unknowns were then made: 


*Publications D.O., Vol. I, p. 327. 


x = by 

y = 6K 

Z = bKy 

Ww = 100se 

y = 100éa 

w = 100u 

mar een Wb = 26°31861 
CR Sar 
OBSERVATION EQUATIONS 

enmten SCs... +1-000x —0-002y +0-0002 +0-4571 +0-806y —1-164w +1-200 = 0 
et: ee 1-000 +0-890 +0-000 —0-110 +0-267 -—0-004 +1-500 
A. ae: 1-000 +0-833 +0-000 —0-468 +0-079 +0-099 +0-400 
(i Veet Sire 1-000 +0-651 +0-000 —0-571  —0-094 +0-130 —2-500 
2, 2 a 1-000 +0-062 +0-000 —0-065  -—0-278 +0-141 —2-100 
1 re oe 1-000 —0-792 +0-000 +0-630 -—0-139 +0-211 —3-700 
jaye re 1-000 —0-889 +0-000 +0-604 -0-082 +0-213 —3-200 
Lk: 1-000 —0-898 -+0-000 +0-680 —0-076 +0-257 —4-300 
Cn ee ee 1-000 —1-105 +0-000 —0-270 40-316  —0-072 +0-700 
1 OS ee 1-000 —0-708 +0-000 —0-692 +0-701 -—0-923 +2-100 
Se i ee 1-000x +0-000y +0-0022 —0-554u —0-978v +1-412w +1-400 
CR boy nus 1-000 +0-000 -—0-890 +0-133  —0-324 +0-005 +0-600 
Pe caer 1-000 +0-000 —0-833 +0-568 —0-096 —0-120 —0-100 
Sleeper eer it 1-000 +0-000 -—0-651 +0-692 40-114 —0-158 44-100 
3 i 1-000 +0-000 —0-062 +0-079 +0-338 —0-171 —9-600 
Pe eb eae: 1-000 +0-000 -+0-792 -—0-764 +0-169 -—0-256 +6-100 
By iin spo 1-000 +0-000 -+0-889 —0-732 +0-100 —0-258  +3-200 
Peis bn 1-000 +0-000 -+0-898 —0-825 +0-092 -—0-312 —4-300 
(Colt SR ee 1-000 +0-000 +1-105 +0-327 —0-383 +0-088 +1-800 


+0-000 +0:708 +0-889 -—0-850 +1-119 +2-300 


LS) 

o 
— 
S 
i=) 
i) 


+ 100 Km. 
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From the observation equations resulted the normal equations which, when solved, 


yielded corrections to the preliminary elements. 


NORMAL EQUATIONS 


8-900x —0-348y +0-3492 +0-1038u —0-182v +0-087w 
2-989 +0-000 —0-685  —0-220 +0-287 
2-989 —0-8381 -—0-263 -+0-346 
2-647 —0-729 +0-720 
1-276 —1-374 


1-909 
dy = —O-20 km. per sec. 
6K, = —O-81 km. per sec. 
dK, = -+-—0-64 km. per sec. 
de = +0-000 


6a = +0-020 radians = 1°-15 
6T = +0-080 days 


+1-870 
+2-174 
+1-769 
—1-139 
+0-008 
—0-860 


Fig. 2. Radial Velocity Curves of Boss 3555 Showing Grouped Observations. 


TWO SPECTROSCOPIC BINARY ORBITS 339 


The final elements with their probable errors are given below. The probable error 
of a single plate of weight unity is for the primary +2-45 kms. per sec. and for the second- 
ary + 2-87 kms. per sec. The solution lowered the sum of the squares of the residuals 
from 68-8 to 60-8 for the primary and from 180-2 to 168-5 for the secondary. 


Fina ELEMENTS 


P = 36-04 days 

e = 0-490 +0-012 

@, = 258° 09’ +1° 41’ 

We = 78° 09’ nedbe Ca 

K, = 54-01 km. per sec. +0-94 km. per sec. 
K, = 65-82 km. per sec. +0-96 km. per sec. 
y = +6-50 km. per sec. +0-51 km. per sec. 
T = J.D. 2,422,014-483 +0-087 days 


@ sin? = 23,333,000-km. 
a sini = 28,435,000 km. 
m sin?'i = 2:34 0 
m,sin?t = 1:92 © 


The radial velocity curves of the components are shown in Figure 2. The primary 
is indicated by the continuous curve and the secondary by the dotted line. 

In presenting these two orbits as the principal results of a summer’s work at this 
observatory the writer wishes to express his acknowledgements to the director and members 
of the observatory staff for assistance, and especially to Mr. W. E. Harper for guidance 
and help in the problems arising. 


DoMINION ASTROPHYSICAL OBSERVATORY, 
Victoria, B.C. 
September, 1926. 
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TWO K-TYPE SPECTROSCOPIC BINARIES 


By W. E. Harrer 


33 PISCIUM 
ABSTRACT 


Fifteen single-prism spectrograms secured at Victoria in 1920 and 1926 serve to determine the orbit of this 
spectroscopic binary of type KO. The early observations of the Lick and Cape observatories fit in with the period 
of 72-93 days as herein determined. The semi-amplitude is 16-43 km. /sec., the eccentricity -272 and the probable 
error of a plate has the satisfactorily low value of +0-8 km. /sec. 

The star 33 Piscium (1900 a = 0° 00™-2, 6 = —6° 16’), visual magnitude 4-68 and 
type KO was announced as a spectroscopic binary in the Lick Observatory Bulletin, No. 199. 
Their first six plates showed but little range in the measures as they all happened to 
fall near the phase of maximum velocity, as shown by the table herein. The seventh 
plate, however, showed unmistakably the binary character of the star. Three plates 
were also made by the observers at the Cape Observatory in 1917, the data of these and 
the Lick plates being given for convenience of reference. 

Three plates were obtained here in 1920 and measured by Dr. R. K. Young before 
leaving the Observatory; the rest of the work is due to the writer who took over the 
star at Young’s suggestion. All the Victoria plates were made with the single-prism 
equipment; the dispersion at Hy being about 29 angstroms per millimetre. The plates 
were measured on the spectro-comparator against Arcturus No. 2702 as a standard. 
As the plates are in many cases weaker in the violet than usual, by reason of the star’s 
southern declination, it was customary to measure every region between 4236 and 
4528 instead of alternate regions between 44005 and 4528 which is the usual procedure. 
The plate of September 8 is poorer than the average and should have been given slightly 
less weight than the others, but no appreciable error is introduced by considering them 
all of equal weight, as was done. Had this observation been weighted less the probable 
error of a plate would have been slightly reduced, but even as it stands now it has the 
exceptionally low value of +0-8 km./sec. 


33355 
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In the observations which follow, Greenwich Mean Time is used in the sense under- 
stood prior to 1925. The phases are reckoned from the periastron passage, finally 
adopted, using the period 72-93 days. This period, suggested by our own observations, 
satisfied reasonably well all the early observations and it was felt that no improvement 
would result by including it in the least-squares solution. 


OBSERVATIONS AT OTHER OBSERVATORIES 


Observatory Date Julian Date 
Lick. PODS AUG! PLO see serena ney eenae 2,417 , 067- 
e ore Oct 19: eee; ere kere ae 7,138- 
Oh a An SPN acey GOS Aug. — Axe cetaceans acta 8,158- 
Gs Arcee dD etme Aa ere te cre nee 8,300- 
ae UE Se ere TOOQ ANOS” Wal eae ican pease ees oe 8, 520- 
on eae ene (OIG Aum Sete eterno ae 8 ,889- 
«“ dee a ao ey Ey pm ee ma 2,418, 969- 
(ADC aera Moron TOU ZING Viel Olorr tutus cet acter ay areer 2,421,543 
CP ida corte ee INO Wi iO eee ee tetra eae reac 1,552: 
GE Pde te ier ee Deck wrt aac ns oe 1,567- 


Plate 


4705 

5134 

5247 
13823 
13957 
14003 
14015 
14099 
14158 
14197 
14249 
14260 
14290 
14318 
14327 


VICTORIA OBSERVATIONS 


Date Julian Date 

LODO MIMI on st eee eee 2,422,531 
Deptne 2O mn cr. Gate aed eee 2,597: 

Onl OL a ee eee 2,619: 

MODGD Fates = 10st. ace cate ee 4,716: 
FAULS MRO orperaccur eet enn eee 4 ,733- 

Um Soup ere racer olden ee 4,746: 

pha OOS Gane tctanetercr to ner rae 4,748- 

ae amet Oss acres AGhaeT NRCan 4,758: 

eae B arteiten aeetenssice ama oe aete 4,767: 

ieee LL ern wera ene ae eed 4,770: 

Seb OMe een tr sch ots ene BE tee 4,778: 

pele OLR Masts nate tats cre nmin en, Mes ctr 4,781 

diay (OE Rotate Speen Anan attire 4,784: 

Or ee ee ane 4,793 - 

Siem CL oem cay aie ene Raa 4,800- 


983 
805 
964 
628 
995 
945 
739 


-360 


343 
304 


-965 


866 
729 
966 
986 
976 
992 
940 
853 
874 
855 


854 


846 
817 
795 


“F160: 


Vel. 


+12. 
+14. 
+13. 
+13- 
415: 
+ 3- 
Sate 
==9()- 
Sis 
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NORMAL PLACES 


Mean Phase O-C 
sss Vel. Wt 
Prel. Final Prel. j Final 
HUE te tee cr or crane erbie Saks 3-30 2-15 +13:°8 2 —Q-2 —0-2 
OFS Sail cae eens aoe 10-78 9-63 + 7-8 1 —0-1 +0°5 
MeN NL co Raia ck Kaneko & 17-26 lesen lal — 2-2 2 —1-2 —0°3 
Yh ec AA ae eR a 30-90 29-75 —14-1 2 +0-4 +0-5 
39 cask, Oe eR Op RCL ie ie eee ee 41-86 40-71 —20:-0 1 —0:5 —1-4 
Oa ES ech SPOR Sone aoe §2-28 SSS -16°8 2 +1-9 +0-6 
ies sited Ng eee 2 ne 61-78 60-63 —10:-1 i —0:6 —1-0 
SMR ren teres Rae ied 5 64-77 63-62 — 3:6 1 +0°-5 +0-6 
Oiy5 oS 67-77 66-62 + 0-4 il —1-8 —1:3 
TOES 3a sees Serene 68-69 67-54 + 5-1 1 +0-9 +1-5 
2 bs os fin Degen ee A 72-82 71-67 +11-5 1 —0-1 +0-2 


0 8 16 24 32 40 48 56 64 72 80 Days 


Fig 1. Velocity Curve of 33 Piscium, Showing Individual Observations. 


PRELIMINARY ELEMENTS 


= 72-93 days 

== *()-25 

= O00 

= —6-68 km./sec. - 
= 17-0 km./sec. 

= J.D. 2,422,529-180 


mA © « 
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These preliminary elements were obtained in the usual graphical manner and then 
observation equations were built up connecting the residuals for the normal places with 
the elements. In these equations the following substitutions were made :— 


x = 67 

y = 6K 

E = Woe 

u = —Kéw 

v = +16-135 6T 


OBSERVATION EQUATIONS 


LS Nes oe saeeke aes ee eee 1-000x +1-215y +0-901z —0-167u —0-063v +0-2 = 0 
Disease eh Ee ae Ro 1-000 +0-855 —0-785 +0-644 +0-835 0° 1 
rieeker: Sian ts tie sungeutiay Gp 2b eS 1-000 +0-333 —0-984 +0-868 +-0:8Q6 *  =-1-2 
Ie aes Pgh ius © os Se Fg 1-000 —0-463 +0-458 +0-609 +0-425 —0-4 
LS A eed Renety REA a CR ORO 1-000 Wes’ +0-990 -+0- 107 +0-134 +0°5 
CR are tgs eR beter tose. Sexshgeuy ay 1-000 —0:707 +0-265 —0-509 —0-276 She) 
Cleon etn ee ag acer eee 1-000 —0-168 Selec 20) —1-048 —0-983 seOn6 
Sis cic pl DOS a Conc ibe n ae Parr nee Oe 1-000 +0-150 —1-149 —1-123 —1-230 —O85 
OM itn em ee 1-000 -+-0-520 —0-628 1.75) —1-338 SPs: 
TDs ee Pec tee ee ere oes oe 1-000 +0-637 —0-361 —1-032 —1-315 ee, 
MR ese ts ere eae ee ras eure Beko 1-000 +1-073 +0-844 —0-640 —0-804 OF 


These resulted in the following normal equations :— ’ 
15:000x +3-066y —0-929% —2-568u —2-917v —0-100 = 0 
7:784 —0-320 —1-099 —1-423 +4-343 
9-526 +0-853 +1-171 —3-777 
8-245 +8-496 +2-439 
S170" “41400 
from which the following corrections were obtained :— 


dy = +0-12 km./sec. 
6K = =0-57 km./sec. 
6e = +0-022 

60 = 47°-71 

5T = -+41-150 days 


The value of Zpvv for the normal places was reduced from 15-43 to 9-03, or about 
35 per cent. 

The following, then, are the final values of the elements with their corresponding 
probable errors attached :— 


FinaL ELEMENTS 


= 72-98 days 

= 0-272 +0-017 

= 3837°-71 +4°-60 

—6-56 km./sec. +0-23 km./sec. 
= 16-43 km./sec. +0-31 km./sec. 

J.D. 2,422,530-330 +0-809 day 

asin? = 15,856,000 km. 


The graph shown, Figure 1, represents these final elements. 
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71 AQUILAE 


ABSTRACT 


Twenty-six spectrograms secured at Victoria during the years 1920 to 1926 are used to determine the orbit 
of this binary, announced twenty-one years ago from the Lick Observatory. The early observations of the Lick, 
Bonn and Cape observatories fit in with the period of 205 days as determined here. The range is small, the semi- 
amplitude being 9-78 km. /see., but as the star is of K-type the measures are reliable and the orbit is satisfactorily 
determined. The probable error of a plate is +1-0 km. per second. 

The star 71 Aquilae (1900 a = 20% 33™-2, 6 = —1° 27’) visual magnitude 4-51 and 
type KO, was announced as a spectroscopic binary by Curtis from the Lick Observatory 
in Lick Observatory Bulletin, Volume III, page 86. The third plate showed a definite 
variation in the radial velocity. Their five plates together with three taken at Bonn 
and three also from the Cape Observatory appear in the table of early observations. 
Aside from slight systematic differences the residuals, as computed from the Victoria 
elements, are satisfactory for all three observatories. 

Of the twenty-six plates obtained at Victoria between the years 1920 and 1926 
fifteen were secured by Dr. R. K. Young and these, with four others, were measured by 
him before leaving this Observatory. At his suggestion this spring the writer undertook 
to secure the additional plates that were necessary to determine the period and other 
elements of the orbit. Four of his plates were remeasured by the writer, the results 
agreeing within 0-5 km. and the means of the two have been used. Another plate, 
number 8282, is missing from the collection, otherwise it would have been remeasured 
as it gives a large residual. From the limited number of regions measured on it by Young 
it is evidently a weak plate and accordingly has been given half weight. 

The plates were all taken with the single-prism equipment giving a dispersion at 
Hy of 29 angstroms to the millimetre. They were measured on the spectrocomparator 
against Arcturus No. 2702 as a standard and in general alternate regions from \4005 
to 44528, or twelve in all, were measured. 

In the observations which follow Greenwich Mean Time is used in the sense under- 
stood prior to 1925. The decimal of a day is assumed for the Lick observations. 


OBSERVATIONS OF 71 AQUILAE AT OTHER OBSERVATORIES 


Observatory Date Julian Date Phase Vel. O-C 
LAs sooce eee ere lh URIOD dimtars) LSS. seek clot Sano foun 2,415,189-8 53-2 — 2 —0:5 
Bee etaretiaye coe Aivihye STO. ep erteiemat aoretao es 5,211-8 75-2 — § +2-3 
co neld eyed ee dt MISUB Sc ors Psat mmmeneemin le aa ice arc 6,380-8 14-2 + 3:0 —1:5 
Se ree LOO AUCs | Miler ns wes aioe waa: 6,700-8 129-2 —12-7 +2-2 
he 4 rece bi DS B10) ee ence ere ce oa rated ie 6, 723-8 152-2 —11-3 +1-9 
BOR nee enone oop Osean hi memo ae cae uaa 8, 933-4 106-8 — 9-1 +4-2 
Dm ace age Ae aeeO Fe HI Wee, sitet ERAN) Soe en 8, 936-4 109:8 —10-1 +3°6 
GAs ee ema: TON LAS \oitc, «lta yante eases SO Leo ~  9,281-4 44-8 — 1:0 —1-5 
Chie ae PU Nese V1O ens Nide . - 1,491-4 204-8) + 2:5 0-0 
ASR oe ROR eee TOUS AN Coil eet er. ac sive 1,827-4 130-8 —13-7 +1-2 
CE oe oie te aca ES OEY coc: er MEER ee eR RRC 2,421 ,829°3 132-7 —15-0 —0:2 
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VICTORIA OBSERVATIONS OF 71 AQUILAE 


Plate Date Julian Date Phase Vel. Wt. O-C 
4516 1OZOR une ws Ose eee 2,422,506 -899 195-35 + 1-5 1 +1:-8 
4697 BP PGi aren Pe ied 2531-827 15-28 + 4.2 1 —0:3 
5026 Sep ter or taracatcrm ae DOVE oo 55-19 — 1-2 1 +1-0 
5244 Oct, <2 eae 2,619 -624 103-07 —10-5 1 +2°-3 
6007 O21 SIM ay eee OP cytes secu oa 2,815 -992 94-44 —12-2 1 —0:8 
6210 Salve ell Oe errnccys, tetera 2,881 -886 160-34 —11-5 1 +0-1 
6562 Sep tse As are tes eee: 2,947-715 AVENE + 4-1 1 —0-4 
6827 ING Vis MES ohne es eee 3, 002-591 76-04 — 9-8 1 —2-2 
7637 ODDS JUNOe te jee were 3,213 -956 82-41 —10-1 i —1-1 
8010 PATIO Siler tee an cc raett ee 3,295 -756 164-21 —11-6] « 1 —1-0 
8212 Oct. OF ARP ear 3 , 337-670 ibe) + 5-0 1 +2:°-3 
8282 Nove. Beeitata ca eee 3,361-578 25-03 + 8:8 3 +4-6 
8457 Dec. | RRR PAR ory nake 3, 390-563 54-01 — 0:8 1 +1-1 
9514 1OZSEOCt ll eres eee 3, 704-649 163-10 —10-5 i +0-4 
10140 1924s June m2 et eee 3, 959-927 8-38 + 5:5 3 +1-6 
10218 JAGR BTA S Soles caNirs-cne 3,970-885 19-33 + 1-4 1 —3-2 
10235 He (SFo as Mae eae 3,973 -921 PPE + 3-5 it —0:9 
10291 co) 3 ee ete, Sela 3, 980-875 29-33 + 5-4 it +1-8 
10326 ce Don ee eae eee 3, 987-892 36-34 + 2-2 1 —0:3 
13748 1926 July OUT este wea eae 4,706-901 140-35 —14-0 1 +0-5 
13915 (ANT ee PDI ae ae ee eee 4730-859 164-31 —11-3 1 —0-7 
13998 < LSA Stearn ete eres 4,746-813 180-26 — 5:3 1 +0-4 
14091 sf x0) Sian here 4,758-706 192-16 — 1-7 1 —0°:3 
14092 s Olen a cre ieee 4,758-718 192-17 — 2:3 1 —0-9 
14148 Rent same tk erty ae 4,765-750 199-20 — 1-0 4 —2-0 
14206 es LBs ass BRST eae ee 2,424 772-749 1-20 + 2:6 1 —0-1 
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Fig. 2. Radial Velocity Curve of 71 Aquile Showing Grouped Observations. 
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With the aid of the early observations the period was determined by the writer as 
205-0 days and this value is considered as definite without any recourse to least-squares. 
The Victoria observations were grouped according to phase into ten normal places and 
a set of preliminary elements obtained graphically. No further use was made of the 


early observations. 


NORMAL PLACES 
er eg ne 


Mean Phase 


ae Velocity 
Prel. Final 
I cio ncaa Baie Se ee 49-81 54-60 — 1-00 
Se ech a Meee ee tea eee een eee 74-44 79-23 — 9-95 
Soc & Gi Ag ERIC RO 93-96 98-75 —11-35 
2 one Sel Reena crn Ie 135-56 140-35 —14-00 
RR ers cin iets 2 nd stp aaoe ans 158-20 162-99 —11-22 
Pisea'9 ithhecn ne eae na 175-47 180-26 ° — 5-30 
Tl oo Gos Seehetcicech Rote ae Ree 187-38 192-17 - 2-00 
Se oie 9. AGS OI ae CRS ee 198-70 203-49 + 2-71 
os Sigh EAR eo ORO ROO CR ene 15-36 20-15 + 4-00 
Hh, sangisid Sees Seinen cena on een 28-04 32-83 + 3-80 


PRELIMINARY ELEMENTS 


205-0 days 


Hz € 8 
I 


0-10 
330° 


—6-22 km./sec. 
9-5 km./sec. 


J.D. 2,422, 


316-34 


Wt. 


NP PNK PRK DD Dw 


O-C 
Prel. Final 
+0-98 +1-01 
—1-50 —1-64 
+1-06 +0-83 
+0-39 +0-54 
—0-55 —0-23 
+0-37 +0-38 
—0-24 —0-61 
+1-23 +0-56 
$ —0-09 —0-61 
+0-86 +0-67 


In the observation equations, built up according to the usual Lehmann-Filhés form, 
the following substitutions were made :— 


400 NS 
ll 


=e gl 
Koée 


I 


—Kébw 
-2956 6T 


OBSERVATION EQUATIONS FOR 71 AQUILAE 


bs ci one OEIC Cone ore 1-000x +0-447y —0-982z 
Ba sanichai Ged CPO COCR OM RR 1-000 —0-234 —0-349 
(Shs é cue GoGichot Be CeCe Naru RRC ea 1-000 —0-651 +0-588 
Ly Sin, SACRA he ORC a aCe 1-000 —0-859 +0-385 
PS Naoto es shel sia cl aiitacehnlate 1-000 —0-468 —0-806 
(ibs ceo Gog bre a ORD no aCe noe 1-000 +0-061 —0-955 
les a b00 GOL RECO ChE 1-000 +0-470 —0-316 
he oes iid DSTO ODIO CRS Saco 1-000 +0-811 +0-523 
0); sod Sees GO Ree ee eon 1-000 +1-086 +0-809 
ID) city 6 ats Octo Coe SO eam 1-000 +0-965 +0-018 


+0-883u 
+0-897 
+0-624 
—0-376 
—0-882 
—1-050 
—0-974 
—0-740 
—0-001 
+0-429 


+0-903v 
+0-811 
+0-551 
—0-284 
—0-822 
—1-098 
—1-076 
—0-830 
+0-058 
+0-530 


—0:98 = 0 
+1-50 
—1-06 
—0-39 
+0-55 
—0-37 
+0-24 
—1-23 
+0-09 
—0-86 
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These resulted in the following normal equations :— 


24-500x + 7-455y — 0-1442 — 4-200u — 4:291v —5-395 = 0 
13-218 + 5-028 — 1-027 .—, 0-972, .—95-900 
10-763 + 1-155 + 1-073 —4-367 
12-757 +12-906 +0-667 
13-192 +0-883 


from which the following corrections were obtained :— 


dy = +0-13 km./sec. 

5K = +0-28 km./sec. 

Se = +0-028 

do = —0°-57 : 
6T = —4-79 days 


The value of 2pvv for the normal places was reduced from 17-83 to 13-97, or about 
22 per cent, and all differences between equation and ephemeris residuals were less than 
0-1 km. 

The probable error of a plate obtained from the last two columns of the table of 
Victoria observations is +1-0 km. per sec., a value very satisfactory for single-prism 
dispersion. : 

The following are the final elements with their probable errors attached :— 


Fina ELEMENTS 


P = 205-0 days 

e = 0-128 +0-042 

w = 3217.42 +18°-88 

y = -—6-09 km./sec. +0-26 km./sec. 

Ky y= 9-78 km./see. +0-39 km./see. 

T -= > J.D)2422 310-55 +10-40 days 
asini = 27,347,000 km. 


The graph shown, Figure 2, represents these elements with the observations as 
grouped. 


Dominion ASTROPHYSICAL OBSERVATORY 
Victoria, B.C., 
October, 1926. 
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THE ORBITS OF TWO SPECTROSCOPIC BINARIES 


BYAS Ny EUILL 


ABSTRACTS 


Kappa Draconis.—An orbit of the spectroscopic binary star Kappa Draconis, H.D. 109387, mag. 3-88, type 
B5dp, was published by Baker from observations at the Detroit Observatory on the basis of a period of 8-986 days. 
Some observations at Victoria showed marked disagreement with this orbit and consequently the star was re-observed 
here and a new orbit with a period of 0:89088 days, e=0-186, K=18-87 km., y= —11-43 km., was obtained from 
38 plates. As the probable error per plate has the low value of +1-7 km. per sec. for this rather diffuse lined B star, 
there can be no reasonable doubt of the correctness of the new orbit. 


H.D. 214240.—The first plate obtained showed double lines and the orbit was determined from 32 plates. 
The Henry Draper Catalogue gives the spectral type as B3, visual magnitude 6-20. From an investigation of the 
spectrum the type of the primary is estimated as B2-5 and that of the secondary as B8. The tines in the secondary 
are faint and could only be measured with any degree of accuracy at the nodes where the separation is about 200 
km. The star has a high eccentricity, 0-253. The minimum masses are 6-01 and 3-87 times the sum. From 
probable estimates of density and calculated values of surface brightness it seems certain that this star is at least 
1,300 light years distant. 


KAPPA DRACONIS 


INTRODUCTION 


The spectroscopic binary « Draconis has an interesting observational history as it 
has been observed and discussed at Harvard', at Mount Hamilton? and at Ann Arbor’, 
as well as here. It is of class B5p with hydrogen emission and the discussion at Harvard 
and Lick mainly dealt with the character of the spectrum and the peculiar and possibly 
variable nature of the complex emission and absorption detail at the Balmer series of 
hydrogen. The discussion at Ann Arbor, however, was a full treatment of the problem 
not only in regard to the hydrogen lines but also of the other absorption lines and of 
Ca K. Briefly, the measures of the hydrogen lines indicated a long period change of about 
four years over a range of 12 km. The behaviour of the K-line, which is not well defined, 
appeared to follow the hydrogen lines. The broad absorption and emission lines were 


1The references will be found on p. 357. 
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shown to oscillate in a period of 8-986 days with a semi-amplitude of 15-7 km. and an 
eccentricity of 0-28. 

Unfortunately Baker’s conclusions are not confirmed by the Victoria observations 
which show a short period oscillation of 0-89038 days, semi-amplitude of 18-87 km. 
and eccentricity of 0-186. Further, the broad absorption lines, the narrow hydrogen 
absorption and the K-line all oscillate in the same period and move in the same orbit in 
direct contradiction to Baker’s results. In view of this difference in results, a statement 
of how the star came to be observed at Victoria seems in order. An observing programme 
of all the B-type stars from BO to B5, brighter than 7-5 mag. and north of declination—11° 
was undertaken by the director in 1923 and 1924, with the collaboration of J. A. Pearce 
in the latter year. Although all B stars were placed on this programme, it was not 
proposed to observe any for which satisfactory velocities were already available, except 
to secure one or two spectra for the purpose of revision of the classification. The star 
x Draconis, which came under this heading, was bright and was, moreover, in a region of 
the sky where B stars are scarce. Four spectra were obtained in 1923 and at the request 
of the Director, these were measured by the writer without any thought of checking 
Baker’s work. The measures, however, deviated so greatly from Baker’s curve as to 
justify obtaining more spectra on fine grained plates for the purpose of clearing up the 
discrepancy. The work is given in sufficient detail below to enable the Ann Arbor and 
Victoria observations to be directly compared and their value adjudged. It is of course 
possible, from the previously observed changes in the spectrum, that the differences may 
be ascribed to a radical change in its character but as so great a change seems unlikely the 
reader must decide from the internal evidence of the observations which treatment is 
to be preferred. 


THe VicToRIA OBSERVATIONS 


The star «x Draconis, H.D. 109387, R.A. 125 29™-2, Dec. +70° 20’, viz. mag. 3-88, 
spectral type B5dp, has a spectrum of rather diffuse, but, as seen below in the detailed table 
of line velocities, apparently accurately measurable helium lines, with Mg 4481 and C4267 
of about the same character as the helium lines. The K-line of calcium is also generally 
weak and diffuse and only in two or three plates was it well defined. The most’ striking 
features of the spectrum are the Balmer lines of hydrogen which have complex structure 
of emission and absorption. At H@ there is a broad absorption band about 12 A wide 
while superposed centrally on this is a sharp emission band about 6 A wide with a narrow 
sharp absorption line in its centre. At Hy neither the broad absorption which is about 
9 A wide, nor the central emission, about 5 A wide, are so strong or well defined as in H8 
but the central reversal is strong and sharp though wider than in HB. At H6 and He 
the absorption is broad, the central emission can scarcely be seen although the central 
reversal fairly sharp and well measurable is an indication of its probable presence. The 
hydrogen spectrum as observed at Ann Arbor was apparently similar although the central 
narrow absorption at Hg disappeared on the later plates. Merrill at Lick observed this 
central absorption on a plate of Feb. 26, 1912 although not visible on plates of the previous 


year, and as it was not noted at Harvard, the hydrogen spectrum is probably variable 
in character. 
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After the four plates of 1923-24 were measured and the discrepancy between them and 
Baker’s velocity curve noted, 34 spectra of « Draconis were obtained in the spring and 
summer of 1926 by different observers whose kindness is hereby gratefully acknowledged. 
These plates were all carefully measured by the writer. The data of observations and 
measurement of these plates are given in the table of observations, Table I below. The 
first column contains the serial number of the plate, the second the date, the third the 
Julian Date, the fourth the phase reckoned from Julian Day 2,424,650-0, the fifth the 
velocity, the sixth the number of lines measured and the seventh the residual O-C between 
the measures and the final orbit. 


TABLE I—VICTORIA OBSERVATIONS OF KAPPA DRACONIS 


Plate Julian Day |Phase from 
Date J.D. Velocity Lines Residuals 
Number 2,420,000+ |2,424,650-000 Measured O-C 

8927 1023 May @ 1Ow .crsers. cies 3, 546-821 0-002 —15-7 9 +1:-2 
9781 TODA Marte UGe.. oo casas. 3, 866-845 0-379 —15-5 7 —0:5 
9976 IVUr Veen 1S cree ate ena 3,924-695 0-355 —18-4 8 +1-1 
10026 HOE A a aetna 3, 934-756 0-622 + 5-7 9 —1-l1 
12975 LOQG SIVA PNET U5 tee eee sys: 4,579 -975 0-315 —26-1 12 —1-3 
13399 IMGs Glyge eee ieee 4, 652-840 0-169 —28-4 10 —0-1 
13401 CR eee 4,654-788 0-336 —21-8 9 +0-2 
13402 ty ac 4,655-713 0-371 —20-4 9 —3:6 
13406 No PB Teme OBOE 4,658 -743 0-730 — 0-7 7 +0°8 
13408 OS mete Abate Rant ahaha, 4659-772 0-868 —20°3 9 —5:3 
13413 So) Sees oer 4, 660-756 0-072 —20-1 9 +2:-3 
13419 se 2 Oeste sei oe 4, 663-727 0-371 —18-3 10 —1-5 
13421 IS PAU eat. heen ae 4 ,664-708 0-462 — 2-0 9 —2-0 
13425 AO) See eos sexs 4 ,665-780 0-644 + 6-0 yal +0:5 
13435 CONES teeter ees 4, 666-825 0-798 — 6-7 8 +1-4 
13444 JUNC Beelciey rue 4,668 -807 0-109 —25-2 10 —0-2 
13452 ‘ Sh cher seem ecenseous 4, 669-698 0-110 —24-9 6 +0:2 
13461 ¥ ee cee 4,671-728 0-359 —24-1 vA +4:-8 
13468 Ss GEE aorore tice: 4 ,672-908 0-649 + 7-4 9 +2-4 
13526 ee LO seston: ore 4,681-710 0-547 + 9-8 8 +1-8 
13528 ay (9 eee ooh 4,681-774 0-611 + 4-1 9 —3-4 
13531 fatal S tama. See 4,681-835 0-672 + 2-1 10 —1-2 
13534 pW Ses arte eer t 4,681-892 0-729 — 0-2 6 +1:3 
13537 et a Uy etenanrk ates ..| 4,681-945 0-782 — 4-0 10 +2-6 
13540 Gry INU ae roca eee owes 4,681-983 0-820 —11-5 8 —1-5 
13565 Smee Lig Mrm rare & See 4, 687-826 0-430 — 3-4 10 42-6 
13587 CoM 2 Serer shee eters 4,691-787 0-830 —11-9 11 —0-9 
13590 A BOA rar et a fe 4,691-841 0-884 —16-4 10 —0-4 
13600 EDO Metric rie eri 4,692-914 0-176 —28-7 8 —0:-2 
13602 eR LOR cect eee 4 , 692-963 0-225 —27-7 12 +1:-7 
13605 OC aR ac re 4 694-772 0-253 —28-1 8 +1-0 
13609 OEP DS Semester 4,694-881 0-362 —20°2 9 +8-0 
13611 Ce) ot arate ae ee 4,694-904 0-385 —10-6 12 +3:°6 
13627 be D0 Ae. 4 695-928 0-519 + 6:5 8 —0:-2 
13641 UV tare eee a 4 697-806 0-616 + 5:8 9 —1-3 
13674 a BS Ee LA Sogn Cet 4,700-798 0-046 —22-9 9 —2-1 
13691 ss Dieta Mecia,s fe Sas 4,701-834 0-192 —27°8 8 +1:5 
13709 EE SS Mrs ek ee 4,704-785 0-472 + 5:6 8 +4:0 


ee ce ee TS a ee arene 
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The measures were all carefully made, the number of lines measured varying between 
6 and 12, all lines well measurable including the hydrogen, helium, magnesium, carbon 


and calcium being used. 


In the hydrogen lines the central sharp absorption reversal was 


measured and not the emission which has apparently the same position but is not easily 


measurable even at Hg. 


In order to show that the differences found by Baker between 


the velocities of the hydrogen lines and of 4481 Mg+ and 4471 He, the only other lines 
he measured, do not exist on the Victoria plates the measures of the individual lines in each 
plate with the weighted mean velocity all reduced to the sun are given in Table II below. 


TABLE II—LINE VELOCITIES IN KAPPA DRACONIS 


Plate 8927 9781 9976 10026 12975 13399 | 138401 13402 13406 13408 
Xr 
GOSS ti Below. Senn DN A oa eee sree 1-9 | —383-4 | —28°8 | —22-1 |. ....... <f= CAS 7. lenorerseceens 
He —13-9 | —18-8 ]|........ +-10-4 | —380-5 |........ = DA Be a, Sveilte Bete a eee | ree eee 
ZNO op yale Rea oe a ih F222 legen eons S29 ON. éceree dllask. siete see tae Sele lok 2 ae eect | oes 
4026 mall asf ey ateracnes See —23:2|} + 8-4] —26-9 | —31-5 | —23-5 | —20-9 | —1 -6 
H5 —18-:9 | — 9-5 | —16-2 | + 9-0 | —384-8 | —26-7 | —24- —18:8 | —5 -1| —16-9 
AED ae = Pree e shell oteaohes ee vee toc nomena ite a) ora. Semele eaten aso: HOLT I (awe rs) meal HN tee es th 5 —24-4 
AAS Pm ous Be eas coh | oes eee == all aye eeenerovey SS ib la Wags Soaskenerelliowes operons =) oii arene —28-5 
4267 DS fe lh rea suction cudlll.scteauausuois| oko au ess —27-9 | —22°5 |......;. ==) pal (eee roles —14-4 
Hy —18-7 | —11-2 | —16-5 | + 8-3 | —28-8 | —28-8 | —22-8 | —16-6 | + 3-7] —18-8 
4387 1k! 15 fal laa, 6 ee —21-8 | —11-8 | —27-6 | —28-3 | —15-7 | -— 9-4 ]........ —14-4 
4471 —19-1 | —20-0 | —25-5 | — 3-7 | —30-9 | —30-3 ]........ —27:9 | — 6-7 | —29-8 
AAS ME Ome Dee RS cereal tCAed ae — 6-1] —32-1 | —29-2 | —24-6 | —24-6 | —23-3 | —14-7 
AT Simm gee Seeiee Walls Sati, es ce NG ce acai sem Rome emral Cos Reg ea. eee eee SDL Biles ce Site fcere ae cee eee 
He —18-8 | —16-8 | —17-3 | + 5-6 | —25-8 | —27-4 | —16-1 | —27-1] — 0-5} —20-0 
4921 LOA gages a-zoal| ous vorteneacl Sih) o kid 4es-m eel Cugee seerde sane ill elem ene cheneltiaire ree ohaeellle Sew kcRoae ae | Coe antennae 
Weighted Mean 
Velocity........| —15-7 | —15-5 | —18-4] + 5-7 | —26-1 | —28-4] —21-8 | —20-4] — 0-7] —20-3 
Plate 15). 13413) \ig4i9 
13421 13425 13485 13444 138452 13461 13468 13526 
Xr 
3933 —22-5 | —19-2 | — 2-7 Oe LSPS O NR =H 2958 fo ee ck ee + 7-0} + 5-6 
He —23-5 | —14-9 |........ ss si) ae ia Ea APOE Me eeee re les «ce eetes se ted Rte eee 
4009 — DD's: leas, store ees + 0-4 EA fe || sos par fo. cates | een ea = 1 s0p |) = 22°50) 0... a ee eee 
4026 =—21:6 | — 6:9 | — 9-8] +138-2 | — 9-1 |) —19-2 | —22-4 | —27-4 | +10-0 | +14-4 
Hé = 17S" 22-6: | Reet 2) 2 ON eee Oe 204 ee ae ee oe ee +10-9 
4120 el Kote dl | aS CI fo, Perl RM ET | ov othT 3, en OCR ERE col He ereliaste asl we aeene 
ANAS S BOB NS ccrverse SP Gib. |e eee pL LP NA AR ad sretvatay aaalli aaous yee Ree eee eee te a Blick ocntee 
ADOT MOUS Mievto., cre tee eratbe rier oan Ng eee eet coe Pes ore net | eee == 26% Tell, sod -aee =26:40|\. 65 sacle ae 
Hy 19°55) =16-1 |, — 5:9) 02:2) 9 6889) —25-7 | Dave) 95-1 |) 4 onl meerises 
4387 —16°6 |) 2622") = S560) -- lod Hee, eee —23:0 | —19:8 | — 8-9} + 0-3 | +12-0 
UATE leg aS il haccieh viens =—19-6 | + 3:5 | + 4-9) — 6-1 | —20-2 | —29-1 | —28-5 | + 3-4 |] 411-9 
AAS UA SED ilk ceuees Ae =21°9° |) = 1be2e) 13-9 |e aie2e| — 26595) =D 68a) — 94 Se 
ACTS), pho Slice: sitens:nsoke'lte Daberatteysuall ct sattnbar tye ales daeicst cal Mohs AMG aR Icke tcc cy rl re ae we ce ete ee 
He =21°3 |) =25:8 |) j= Mes) S- 14 ee GeS al — 28 ON eee ae eee — 3:5] + 8-8 
2) a renee oer me eatin eee Als chins ce Sialltus rma cc ohio cdllc coon allaw oe aan — 2-9 
Weighted Mean 
Velocity... acmt. 0. —20-1 | —18:3 | — 2:0 | + 6-0 (>= 1607) £25529) 24.04 [0455 Se + 9-8 
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13528 13531 135384 13537 13540 13565 13587 13590 13600 13602 

39383 Oreo ie ON ON (rg — to Salle hee —lienG al == 1oroe |e wee —25-7 
liom aw CRNRAGS Fees MD). wet. Sa ACP Mee Le Bere ee (ad ALO Asda, Renee —23-2 | —42-2 
LE ge OO oe Ree | See | ne Pr eat Nea Pre Meee ed ten, oer cont Ge —44-1 
4026 TT OrOR ego 2 ol Qs — le a Sol | TOR — 144 ee —27-9 
Hd + 5-7} + 3:2) + 2:4) — 5-9) — 8-7 | — 8-6 | —16-8 | —18-1 | —27-2'| —38-2 
TBO LUMP | A ee mi (U)ba iy lira. + cbt 8 Bel once c GEO ORO DRE LT Deer eA Rares Oe timer lle rrmtnee Gre secs. 
4143 SpE Ca Ps. ete eet, CR meres sere 19, Ot nel eh eH OR eI cc —11-3 | —17-4 | —32-2 
“EAE” —. Soa bie tc sei Sa ea ae hae are eal Gy (ol ee cea eh Re a —13-3 | —21-0 | —438-9 | —19-9 
Hy 4291) =P 42 0-0 | — 1-9 | —11-0 | — 3-0 | — 6-2] —14-4] —21-4 | —21-4 
4387 ee OO starlike queens sey ai a eee See Sei ie AON Of Nes wees —26°9 
4471 + 6:9] — 1-0] + 2-2] + 1-1] —10-9] + 3-2} — 9-0] —19-2 | —24-6 | —21-3 
4481 OSS Em a Orel ere aceeremenl acer rare thes — 9-8 | + 5-4 | —18-1] —17-1 |] —382-5 | —16-9 
geared SP peter SmetAre: 2k GLAS A. te, AUPE OMe tears ed otk iawn, dete lasele wash. Sekonda 
He — 2:2; + 0-5] + 1-4] — 4-0] —10-5 | — 4-2 | —10-7 | —20-2 | —32-5 | —26-9 
2 Mist) Pec oe SBN Ort eas hare Sys St eS | eeratede nc eewel fave Peete = 128 le maccece cave emseiscantra | iexseersogets 

Weighted Mean 

Velocity. s-.5<.55 + 4-1} + 2-1} — 0-2] — 4-0} —11-5 | — 3-4] —11-9 | —16-4 | —28-7 | —27-7 
: ae 13605 | 18609 | 13611 | 18627 | 13641 | 138674 | 13691 | 13709 

GOSS HESS Soe hee oer kre 3 —33-5 | —21-1 | —12-6 | +12-8 | + 7-5 | —27-9 | —30-8 | + 1:8 
TEU a's 5 SORA PURSE teh Rennes (eat ee meee AI (ei |! temt GS a clo a OREO} | eet aod Gall erento le + 5-2 
EADIE vs, Siar Gites CRONE RC CREO, © cen PRE CRN | PRES es ecel (cooe | ee Pe Tekst) al ese cuss aos lekoee eter see + 7-1 
ZA US, Sec cc, Ait Soe eee oe, eae —30-8 | —13-0 | —12-1 | + 8-7 | 415-5 | —18:3 | —24-0 | +13-0 
1 Se Se Sere eis ec eC eee: Gee —22-6 | —12-6 | —11-4 | +17-3 | + 4-0 |.—-17-9 }......:. + 4-9 
2OUBUS 2 Bic, 672 str Rove ICRA Sh SUP a ter CER Oke ER PR ese Scere RRC are ene een Ieecne ari ee ras 816 GEA os peg. oi5 
SES PNA oa) ol 36 6 oe Me ei Sieig ona, ois | omer e BRS Seam soy | ate eagle evel ackoneme caren pal = 25 Pal er MERE lm Os AKG 
BO PyeE RSA OES OC ee SRR | Sats aes Gr lates Pad Dilla oecte sey tN WANS feurtese acaif'ants attetalpit 25-9) lies oe ee 
LE Epos aie So arc ee eR Feene —25-2 | —27-9] — 8-7| + 4-4] + 3-7] —26-:0 | —26-8 | + 4-3 
ITU 6 Be ost eS SE Ree ee LOS ae, cae Ie eeecaenres | nce eers = 9552 ee ete 
GENTS BA Se ene arnen Remar Ce ate —36-5 | —21-9 | —13-0 | + 8-0} — 38-9 | —21-4 | —32-9 | + 1-1 
1S Wee Sete: ac: Ay ONCE Re ac eee OMA] a7 eal) aioe Rios es edna ao olinees so00) lc Saas on 
ALLS ea PRM eeepc EAE Al ch ce sy oo | og fais oN Ne exe aig oF ee toda’ en onceswe|| tons, Sysscrrans = DOE TM teers 
JRUSh ons ae pate Mae Cen eee —28-1 | —20-9 | — 9-7 |} — 2-8 | + 8-7 | —22-7 | —28-1 | + 4-8 
OO Nee Cott ircah usin ays Mieke uae Soll || ere el Model) SO silos exaes = sid i oe. fal | RSet 
Weighted Mean Velocity.............| —28-1 | —20-2 | —10-6 | + 6-5 | + 5-8 | —22-9 | —27-8] + 5-6 


It seems indisputable, from the run of these measures which show remarkably small 
accidental errors for a B-type spectrum of this character, that all the lines give the same 
velocity. There are no systematic differences between H@ and 4471 nor between the 
measures of the hydrogen and the other absorption lines and, further, Ca K gives the same 
While it is possible that variation in the character 


velocity as the other absorption lines. 


of the spectrum may account for the different results at Ann Arbor and Victoria, it seems 
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obvious from the internal agreement of the measures, confirmed by the small probable 
error for a single plate for a B-type star of +1-7 km. per second obtained from the orbit, 
that the Victoria results correctly represent the nature of the spectrum from 1923 
to 1926. 


When the measures showed that the Victoria plates could not be made to agree with 
Baker’s curve and that his period was probably in error, trials were made of all likely 
periods. After different submultiples of the original period had been tested it was found 
that a period of 0-89038 days, slightly less than one-tenth of Baker’s period, satisfied all 
the Victoria observations and that the Yerkes observations dating back to 1902 and given 
in Table III were also in agreement. That this is the correct period can scarcely be 
doubted from the run of six plates obtained on June 15 by Mr. J. A. Pearce and the writer, 
and of two and three plates per night obtained on June 25, 26, 28, where the short period 
character of the variation is clearly shown. Further, the very small residuals for a B-type 
star from the final orbit, given in the seventh column of Table I, would not be possible for 
an erroneous period of so short a duration. The final proof is furnished by the agreement 
of all the Yerkes observations between 1902 and 1925 given in Table III below and repre- 
sented by open circles on the accompanying velocity curve. 


TABLE III—YERKES OBSERVATIONS OF KAPPA DRACONIS 


Julian Day Phase from J.D. Residuals 

Date 2,410 ,000-000+ 2,424 650-000 Velocity O-C 
DOOD REC ose a3 ceive chen vx cvers erence toe nese 5, 784-824 -338 —28-6 — 7-2 
SEOs dtiaets econ wriotecie yceciae re 6 , 006-597 -406 + 4-7 +13-7 
MOOAS Sati 2k cgsretete sie: ofa aR tesoa ake 6, 503-919 -006 — 71 +10-2 
Weer SO reretanrte « Giscceerensieterel knee 6, 845-924 -105 —23-5 ss coe BESS 
LU eumnet me Diah nat she atereicronatenn cists) steeaer 9,039 -925 -209 =—27°0 + 2-2 
GIO DID ECE 29 Ker erdeaias cvorsiekerecrts wei ae 12 322-978 -431 — 7-5 — 2-0 
L920 Jan. Biro ahohers tahoe 6 cae 12 333-592 361 — 7-2 +10-4 
UI Oh: S710) Ae ae een iater Aes aimee 12 375-919 -840 —18-0 — 6-0 
Are De ean. Baal oe ere ee 12 420-747 +259 —23-6 + 4:8 
INGA. 0 Oe) ys ADs aetna bn ce wee: 14,193-655 -420 — 3-6 + 3-2 
oe Fs auats sa ocehae otexntaaerte ae Be 14, 193-689 -454 — 2-9 — 1:8 


The Victoria observations, after the period was obtained, were grouped into the follow- 
ing 17 normal places which were weighted according to the number of plates in the normal 
place, each single plate being given unit weight. 
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TABLE IV—NORMAL PLACES OF KAPPA DRACONIS 


Number 
Wiewidsor Mean Phase from Mean of Wt. 
2,424, 650-000 Velocity Plates 

\. o33 Gon Sa See -002 —15-7 1 1 
i aa ORR Ae Se ei Aa EE -059 —21:°5 2 2 
SER Soe Se ts -110 —25-0 2 2 
iho | SAA a ene eee aN -179 —28°3 3 3 
13) 9 I el Nee +239 —27-9 2 2 
LDS, Gh og Sieath- Sa cM eee +315 —26-1 1 1 
Ts See thts oe Re ee eee +353 —21-1 4 4 
Co Oe Si Rnd Ae ae 371 —19-4 2 2 
eee nue ete tis fd 382 —13-0 2 2 
LS Ae Re ee eee -446 — 2-7 2 2 
UG: So 2 pet Rae ST ee ROE EN +513 + 7:3 3 3 
TE 2 Dae one Rare ile a -616 + 5-2 3 3 
Lh, Sage ee Gee aeeae y! Pi paee +655 + 5-2 3 3 
11 Paes, tes, SARIS es oes One -729 — 0-4 2 2 
i lshs 3 siete -790 — 5-4 2 2 
NG) at gta atG Sn State a See -825 —11-7 2 D 
Le eroaes ee hiss REx es -876 —18-4 2 2 


355 
Residuals 
Prel. Final 
+1-8 +1-2 
+0°3 0-0 
—(0):2 +0-2 
—0-8 +0-4 
+0-1 +1-4 
—1-5 —1-2 
—0-4 —1-2 
—1-2 —2-4 
+3°-5 +1-9 
+2-2 0-0 
+1:-3 +1-1 
—2°-8 —1-8 
—0:1 +0-6 
+1-5 +1-2 
+2-8 +2-0 
—0-1 —1-0 
—2-2 —2-9 


Preliminary elements were obtained by the usual graphical method from these normal 
places and are given in Table VI below. A least-squares correction to these preliminary 
elements omitting the period as sufficiently determined over the long interval of observa- 
by Lehmann-Filhés method. The following substitutions 


tion, was carried through 


were made for homogeneity. 


Wa — 


iM a 
I 


by 


dK 


Kée 
Kéw 
KydT 

(1-e?)? 


and the following observation equations, Table V, were formed. 


TABLE V—OBSERVATION EQUATIONS OF KAPPA 


10 1-000v +0-355w 
11 1-000 +0-936 
12 1-000 +1-046 
13 1-000 +0-895 
14 1-000 +0-511 
15 1-000 +0-178 
16 1-000 —0-005 
17 1-000 —0-250 
1 1-000 —0-322 
2 1-000 —0-548 
3 1-000 —0-712 
4 1-000 —0-856 
5 1-000 —0-880 
6 1-000 —0-700 
7 1-000 —0-490 
8 1-000 —0-359 
9 1-000 —0-269 


=2/h 
+1 
Ee 
ij 


224x 


+022 


183 
718 
968 


-622 
-316 
-162 
307 
-732 
-951 
‘877 
395 
-633 
054 
+138 
+135 


-135y 
735 
-201 
-461 
754 
+834 
-829 
-767 
-736 
-585 
-398 
074 
-267 
743 
-960 
044 
-087 


DRACONIS 
3072 =) 
805 =I 
-400 +2 
-609 +0 
-735 =)! 
“T11 —2 
673 +0 
-604 +2 

0-580 il 
-481 =H) 
371 +0 
172 +0 
084 —0 
581 +1 
896 +0 
-045 ill 
+132 =3 


Ae RAPONwHONHOAHDw& 


NOW PFRPFNWNNRKFNNNYNWWWwW YD 
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From these were obtained the normal equations: 


38.000v — 0:877w — 5-874x + 2:5/6y — 2-5632 = 15-1 =0 
+16-594 — 2-344 — 2-247 + 2-340 — 1-784 
+23-385 — 5-562 + 5-145 + 6-504 
+20:518 —20-182 — 7-671 
+ 20-475 +11-868 
resulting in corrections as follows: 
vy = +0-0705 dy = +0-07 km. 
w = +0-1708 6K = +0-17 km. 
x = —0-2685 de = —0-0144, 
y= —6-6993 Si 20S 
z = —7-1266 65T = —0-0508 days 
The final values with their probable errors are given in Table VI. 
TABLE VI—ELEMENTS OF KAPPA DRACONIS 
Elements Preliminary Final 
121 Pt 606 Bommicin Oa OMe OT Oe a areic Ps—OCS9038iddivsmemeeac eae P =0-89038 days 
QO SMCGAGUCUN coc on baonanos Gog0e Aor GL = O52) ccs aoe tree e =0-186 +0-020 
Ke Semicanmplinucdens siiimcecoe ae cee Ke 1 Sio7) kine eet. oc cae K=18-87 +0-43 km. 
Wy S VAGINA? Oi MUM eons sob oad bas aul gy allow) Mao. c eancnacns ome y =—11-438 +0-28 km. 
Gr ong der Ol APSea. eles ti eile cee @ = S05" eeeeritycan a. Cavkeee w =284°-47 +6°-70 
fie Mime vOLperiaAsbrONseasryeraee > ater T =J.D. 2,424,650-480 days....|T =J.D. 2,424,650-4292 days +0-0155 
asin t= 227,000 km. 


This solution reduced =pvv from 104 to 76, a reduction of 27 per cent, the agreement 
between the residuals from the ephemeris and the observation equations is satisfactory 
while the probable error of a single plate has the very low value for a single-prism observa- 
tion of a B-type star of +1-7 km. The good agreement between the Victoria observa- 
tions, represented by filled circles on the accompanying velocity curve, and the final orbit 
and the possibility of being able to fit 388 observations well distributed over the cycle into 
a curve of such short period seems sufficient evidence of the accuracy of the period and the 
reliability of the elements. When to this is added the fact that all of the eleven Yerkes 
observations, obtained in the years 1902, 1904, 1911, 1919, 1920 and 1925 with a total 
separation of over 10,000 revolutions between the first Yerkes and the last Victoria obser- 
vation, satisfactorily fit our short period curve with a probable error per plate of +4-9 km. 
per second, much less than the average probable error +9-0 km. of Struve’s recent: 
measures,’ there can be no reasonable doubt of the accuracy of the Victoria orbit. Further, 
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in view of the agreement between the velocities of the hydrogen lines, the helium and other 
B-type lines, and the Ca K line, there seems no reason to assume a complex system for 


« Draconis or that it is anything but a straightforward spectroscopic binary with only 
one spectrum visible. 


° ©) q 


aus TV “ 
—20 pooh se > ponent -e : 
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2 
Fic. 1—Vavociry Curvre or Kappa DRACONIS 


Single Observations, Victoria @ Single Observations, Yerkes O 


The writer has much pleasure in gratefully acknowledging the assistance of the 
Director in the discussion and for suggestions by Mr. Harper and Mr. Pearce in connection 
with the orbital work. 
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H.D. 214240 


The star H.D. 214240, R.A. 22" 31™. 8, Dec. +49° 33’ (1900), visual magnitude 6-20, 
spectral type by H.D. Catalogue B3, is one of the stars in the B-type programme under 
observation here. The binary character of this star has not been hitherto announced. 
The plates of this star were handed over by the director to the writer for an investigation 
of the spectrum and the computation of the orbit. The first plate obtained on July 2, 
1925 showed double lines but the secondary spectrum is faint and the relative intensity 
of spectral lines of the primary as compared with those of the secondary is about 3 to 1. 
Only at the nodes, where the separation is about 200 km., could the secondary be measured 
with any degree of accuracy. 

As stated above the spectral type is given in the H.D. Catalogue as B38. The 32 
plates used in the orbit were carefully examined and on account of the presence of the 
oxygen triplet \A4070, 4072 and 4075, showing on some of the plates, although faint, the 
type of the primary seems somewhat earlier than B3 and has been classified as B2-5. 


eB 
o Sz 


=3 hee: lielocFe& 
iN 
50 y y 


ie 
ea 
nee 
a 


o 
me 
a 
_ 
—) 
rw 
So 
ow 
So 
~ 
o 
on 
o 
o 
o 


7-0 8-0 9-0 10-0 11-0 
Fia. 2—Venociry Curves or H.D. 214240. 


Secondary Spectrum 


The Sill lines \\4128 and 4131 were measured on several plates at the nodes and the 
velocities of these lines agree very well with those of the other lines of the secondary 
spectrum which indicates that its type is B5 or later. Again the relative intensity of the 
helium line \4471 to the Mg. line \4481 was used as a criterion of the type and a careful 
comparison of these lines on the micrometer engine showed them, on the whole, to be 
equal. In view of this, the secondary spectrum has been classified as B8. The lines 
in this spectrum are weak and difficult of measurement. The probable error of a single 
plate of weight unity is +9-2 km. per second, while that of the primary where the lines 
are fair, is +3-2km. per second. On account of the poor quality of the lines of the second- 
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ary spectrum the writer did not include it in the least-squares solution of the primary. 
However, corrections for K, were obtained by accepting the elements from the primary 
solution and obtaining by least-squares the most probable correction for Ks. The solution 
of the primary reduced pw from 515 to 398, a reduction of approximately 23 per cent. 

The mean velocity of the H and K lines of calcium is —18-9 +0-3 km. per 
second, while the probable error of a measure is +1-6km. The lines are good and as the 
velocity indicates, do not oscillate with the star. Figure 2 shows the individual calcium 
velocities and those of the primary and secondary spectrum plotted on the final 
velocity curve. 

The component of the solar motion in the direction of this star is —11-8 km. per 
second giving a residual velocity of —7-1 km. per second for the calcium cloud. 

The 32 spectra employed in the orbit are given in Table I below, which contains 
the Greenwich and Julian dates, final phases, the observed velocities, the residuals and 
the calcium velocities. The final phases are reckoned from the final value of periastron 
passage using the corrected period 10-9114 days. } 


TABLE I—OBSERVATION OF H.D. 214240 


Julian : Observed Velocities Residuals Cal- 

Plate , Date G.C.T. Date Final Cute 

2,424, 000-4 Dhieee tite a Peer er Velo- 

wae Prim Sec Prim Sec city 
11816 1OZ5ME SUI Fees eee 333-964 Mose) |) aay hse) Mees ade 2 eee Dilallnncatatea | —20-1 
12065 INVERT. [emcee 368 -833 6-468 | — 4-8 ]........ A DOAN re eau —18-4 
12232 POLE 01 FO ey Reet eee 400-881 Diora 2c O) lee a UT ae —20-8 
12263 c Seem Les ecu crc St 406-930 0-920) 395 i... ccs oe Seti all renin —15-0 
12302 Some (oes sce ee 410-816 4-806 | —46-4 |........ ASi«. 0: lian a gee —22-0 
12378 PRs HOO NA rare 418-887 1-965 | —89-4 |4+104-2 —2:7| + 7-5 —20-6 
12530 Oct Laas cen ee 437-716 9-883 | +74-2 |—152-6 +0-2 0-0 —18-7 
12534 oo ONES: Roe 438 -637 10-804 | +30-9 |......... ats} |enconrntar —22-7 
12554 ge a ee aie 445-745 20008 | = AE Nee. costes AA re srateere —17-6 
12560 CoE Osa ere 446-592 Teen Yh Mes) Loa el eeemans ares == 9 ete ee —20-3 
12582 INO Ven LS hep tiersccus 455-736 60808 Nok ones —= Sint) |r eraaro eens —22-3 
12593 ss DAUR aah 456-734 COTS 5 afar ke De te ie oe =O OF When atte —16-4 
12607 “ Ae Se tayo | 458 -833 9-177 | +74-7 |—164-9 +2-7 | —13-5 —16-6 
12660 a ate Ol asia crs 480-635 9-156 | +79-3 |—147-8 +¢-1 |} + 2-2 —20-6 
12689 DEC cor eee. 487-739 DeO49) | — 4 LOR ee eek OHS WAS. oe —21-0 
12692 DL ee 512-588 8-37 +56-0 |—123-2 +3-7| — 4-2 —15-0 
12744 1926 Jan. Se aa Ben 523-591 8-467 | --46-4 ].......:; == isi} Ills. eemcmaeas —16-7 
13654 July PRR E Eiseh 698 -945 9-238 | +73-6 |—140-9 —0-5 | +11-1 —21-1 
13671 ce Sebekaoe eee 699-976 10-269 | +61-1 |—107-8 —0-9 | +27-2 —22-6 
13682 Ge BPE MT ciate 700 - 954 O23360) Rebs dalocie eae a Voie ieenas oe —19-5 
i BYA WE ee Sierras 704 - 964 Ae BAG | —OSe4a he os ata icles, corstienee: —22.2 
13770 ce id terre eas. 708-951 SF OOH adso. nea nas aie ek ee —20-1 
13778 Ce ae act ARIE 710-817 10-199 | +66-1 |—114-7 +1-1 | +24-3 —17-0 
14002 AUTON Oba) cave) 6 746-931 2-667 | —95-4 |+ 96-9 —5-4 |) — 5-1 —16-5 
14341 Oct NO ean Ss 807-694 8-873 | +70-2 |—133-6 +5-0 | + 6-4 —17-1 
14348 Bel aes een tae 808 -598 9-777 | +75-6 |—147-4 +0-6 | + 7-6 —16-1 
14862 comer Jerre re ousan.t 808 -884 Osos | SEO OT Ne eees one eto (Dietf Wheas bons ois ailtoer ontoue ane 
143873 Cee Deen rmacea ane 810-594 ONS62)Sa-38 s5m0 one Aad en 5:8 ee —14-8 
14394 CS Oise 813-583 3-851 | —76-4 |+ 96-7 --0-6 | --15°7 |....- ve 
14446 INOW: sa meelineee epson 820-581 10-849 | +380-1 |........ oe We WA Peee arse ce aa | —18-5 
14520 sf 7 es ee 823-600 2-956 | —92-0 |+111-5 | — 3-0 | +11-5 —19-9 
14530 ef A Dytegrn' 823-888 3 24 Sal OO) || ewer er Eeyore oe —15-9 
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The observations, after the approximate period of 10-91 days was selected, were 
grouped into the following 21 normal places. The grouping was arranged so that a normal 
place included only a small number of revolutions and thus the result is practically the 
same as if the individual observations had been treated separately. The normal places 
were weighted according to the number of plates in the normal place, each single plate 
being given weight unity. 


TABLE II—NORMAL PLACES OF H.D. 214240 


Mean Phase Mean Velocity Weight Primary Residuals 
Number from ee 
E 4333-000 Prim. See. Prim. Sec. Prelim. Final 

late 0-543 —76-4 +96:7 1 1 + 0-38 +0:-2 
Dire 0-964 — Oi Oe ee Teer eee Pe en ceeeree +10-38 +8-75 
Sten 1-024 O34) PE oe. 2 LON eo ees tec + 3-60 +3-12 
aeee 1-722 ae ty eR ee cine 8 CMe lorie seen + 6-10 +5-13 
Deere yore et 2-574 OD lene ascces eee Dia ere tstetenetre — 2-92 —3-57 
Oe 3-491 Sd las Pee BH Aas eee —' one —1-05 
TRG ee ee ee 4-492 HOLS Sarl eae ee Dcciade seein — 5-57 —3-60 
Sm 5-011 SEO) Moe oruley 205.0088 ae a | npereers nO —2-74 
OF nis Caer 5-074 +51-2 —123-2 2 1 — 4-88 —2-02 
NiO Ee raceere sca: 5-740 slices) —137-2 2 2 = 1-69 +2-03 
UL ee ioe aise aie sen 5-814 +77-0 — 156-3 2 2 + 1-96 +5-21 
Ld Sac See eee 6-526 +74-2 —152-6 1 1 — 2-20 +0-08 
oR ch aelWetetere. cr: 6-611 +72-6 —147-4 2 1 ae ike —0-94 
LLB Sta genera ete 6-912 +63:6 lt 2 2 =*1-95 —1-36 
Lae Merete ee 7-447 = SOMOE Mi iie.aracie ere Plies ae ae — 1-21 —1-77 
NG Nere  ccastens sce 7-541 = loop) lien ie eee ee te iesare oer + 5-22 +0:78 
1 Ch I reelaenre ie 7-924 Ea ele theca meclokainee Lae reeteran + 0-44 —3-38 
US Siren seis iu 2 8-464 = SO ae leer R55 ALB eee oa + 7-45 +3-65 
IAS oer eon 8-470 SH OOMOM ln tveve ae em iL Pelectome. cla + 6-68 +6-20 
20.. 9-517 —89-4 +117-8 1 1 — 2-85 —3-32 
De 10-556 —93-1 +104-2 3 2 — 3-83 —4-35 


Preliminary elements were obtained by the usual method from these normal places 
and are given in Table IV below. As no previous observations existed it was considered 
advisable to include the period in the least-squares solution to these preliminary elements. 
This solution was carried through by Lehmann-Filhés method. The following substitu- 
tions were made for homogeneity: 


u = dy 
v. = 6K 
w =. Kée 
x = -—K bw 

. Ky dT 
ae (1-e?)? 

ry 100K 
ee (1-e)! se 


and the following observation equations, Table III, were formed. 
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6P = 


+0-001411 days 


361 
TABLE III—OBSERVATION EQUATIONS OF H.D. 214240 
1 1:000u | —0-725v | +0-971w} —0-329x —0-344y | —1-6282 | — 0-38=0| Wt. 
2 1-000 —0-625 +0-906 —0-455 —0-402 +0:026 | —10-38 1 
3 1-000 —0-610 +0-889 —0-471 —0-410 —1-494 = 8-60 1 
4 1-000 —0-410 +0-593 —0-629 —0-484 —0-527 | — 6-10 2 
5 1-000 —0-181 +0 -067 —0-745 —0-554 —0-487 + 2-92 2) 
6 1-000 +0-209 —0-+550 —0-768 —0-615 —0-512 | + 1-22 3 
7 1-000 +0-612 —0-982 —0:635 —0:634 —0:673 | + 5-57 1 
8 1-000 +0-814 —0-893 —0-479 —0-591 —2-178 | + 6-14 1 
9 1-000 +0-838 —0-906 —0-454 —0-580 —1-030 | + 4-88 2 
10 1-000 +1-044 —0-319 —0-118 —0-359 —1-482 | + 1-69 2 
11 1-000 +1-061 —0-216 —0-070 —0-317 —0-410 | — 1-96 2 
12 1-000 +1-077 +0-848 +0-465 +0-319 +0:310 | + 2-20 1 
13 1-000 +1-058 +0-944 +0-534 +0-420 +1-967 | + 2-18 2 
14 1-000 +0-940 +1-102 +0-779 +0-812 +2-963 | + 1-15 2 
15 1-000 +0-556 +0-488 +1-120 +1-395 +1-369 | + 1-21 1 
16 1-000 +0-471 +0-281 +1-158 +1-452 +6:-971 — §-22 I 
17 1-000 +0-106 —0-581 +1-227 +1-503 +5-418 — 0-44 1 
18 1-000 —0-360 —1-192 +1-112 4+1-173 45-514 | — 7:45 1 
19 1-000 —0-365 —1-196 +1-109 +1-166 +0:775 | — 6-68 1 
20 1-000 —0-840 —0-260 +0-553 +0-309 +0-242 | + 2-85 1 
21 1-000 —0-872 +0-754 +0-017 —0-151 —0-691 | + 3-83 3 
| 
From these were obtained the normal equations: 
32-000u + 6:922v + 2-42lw + 0-716x + 0:-514y +4+13-081lz + 8-49=0 
+17-620 — 2-196 + 2-184 + 1-308 + 8-460 +29-936 
+18-084 + 1-772 + 1-728 + 3-725 — 9-169 
+14-165 +14-391 +36-813 —17-986 
+15-534 +41-888 — 26-125 
+156-458 — 97-689 
resulting in corrections as follows:— 
u = —0-1621 dy = —O0-16 km. 
Vv =  —]-7297 OKe = . — 1-75 km. 
we <=, ,+0-2177 de = +0-003 
x = —3-7733 dw = +2°-5435 
y ees 4034 65T = +0-0635 
Z = +0-6975 du = += —0-000074485 
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The final values with their probable errors are given in Table IV. 


TABLE IV—ELEMENTS OF H.D. 214240 


Element Preliminary Final 
R= Period -wetstn-cet soc sagponetnos.s & ones Deere ee NO OUGaya:.. <ccteocntuerere oon 10-9114 +0-00126 days 
Gam WicCentricliye eran eee Bg cy: O25 Susann mate arenes 0-253 +0-012 
K, =Semi-amplitude primary...%........... SH ukM ccc agers ese See Crean cate 83:27 +0-93 km. 
K,=Semi-amplitude secondary.............. [QA lyases a ace eee 129-44 +3-59 km. 
ei \VielOCluys OLS VShELIIn een oie iene = 51D st. oe ees ae —15-28 +0-70 km. 
Oj HOneidevOl apse... aerial aeee eh 652 beers tioee ne Re nee reese 67°-54 = 2°-97 
oy ENO UPAUOOIG! Gyo) o5.05d0cc0on decom aer DA eh heed ae srecste a RRM eee 247°-54 + 2°-97 
Eiger lerinerOr peLlastcOlemr rte: ere ae are JADE? 42440 Sener cree J.D. 2,424,340-5415 = 0-0937 
Gi Si Ve SEMIN TIS IN Ay ON OLIN AT octets ct cst eae) erica carn enmey nae Cesta 12,088,000 km. 
Qeysll es —SeMm lL axIsdna] OF SeCONUALY marry onyx ciliomiere asi tetera tea creas 18,789,000 km. 
SIS ¢ — NAGS LIM AEN: Rite ite ccs iol ea llc sus, ene tones erate bene eae 6-010 
Mo Si = Mass SECON OUAT Vreee ne aa. chs. < Sede WEA tate. =, «1s Ree eee de res oe ferent 3-870 


Considering the spectral type of H.D. 214240 as B2-5 for the primary and interpolating 
from Fowler and Milne’s! scale, a temperature of 17,500°K has been assigned to it. The 
spectral lines of the brighter component of the star under discussion have been compared 
with those of U Herculis, a B3 star whose photometric orbit * has been obtained and whose 
density is given as 0-097 for the primary. The spectra of the primaries of these two 
stars are very similar in appearance and are not unlike in mass, U Herculis being 7-50 
while the minimum mass of H.D. 214240 is 6-010 and with average inclination is 9-250. 
Using a temperature 17,500°K mentioned above a surface brightness by Hertzsprung’s 
method’ of —3-24 magnitudes, 19-76 times the sun, has been computed. On account 
of the high eccentricity of H.D. 214240, viz. 0-253, the star has probably had a considerable 
advance in its evolutionary stage and it seems reasonable to assume that its density is 
of the order 0:10. With a surface brightness of —3-24 magnitudes compared with the 
sun and a minimum mass of 6-01 times the sun, the absolute magnitude is calculated as 
—1-86 for a density of 0-05, —1-35 for a density of 0-10 and —1-06 for a density of 0-15. 
Accepting the spectral type of the secondary as B8 and assigning a temperature of 12,500°K 
in accordance with Fowler and Milne’s' scale, the surface brightness is calculated as —2-54 
magnitudes, 10-37 times the sun. But the difference of magnitude between a star of 
mass 6-01 and one of 3-87 times the sun by Eddington’s method* is 0-71 magnitudes. 
We have, therefore, two stars of a total visual magnitude of 6-20 differing by 0-71 from 
which is obtained a magnitude of 6-65 for the brighter and 7-36 for the fainter. 

By use of the fundamental equation showing the relation between absolute and 
apparent magnitude, 


M = m+5+4 5 logr 

where M = _ absolute magnitude or —1-35 
m = _ apparent magnitude of 6-65 
x = parallax 


the parallax is computed as 0’ -00251 or 1299 light years. 


1The references will be found on p. 363. 
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If the average inclination of the orbital plane for H.D. 214240, sin3i = 0-65, is 
adopted, the masses become 9-25 and 5-95 times the sun, which for the density, tempera- 
ture and surface brightness mentioned above, give a parallax of 0’’-00217 or 1502 light 
years. 

On the relationship between mass and luminosity by Eddington‘, after applying 
the temperature term —2 log 10 (5%) the bolometric absolute magnitue for H.D. 
214240 is computed as —2-340 and, after applying the correction for visual magnitudes 
of +1-50, the visual magnitude becomes —0-84 against —1-35 by the luminosity method. 
The visual magnitude of —0-84 corresponds to a density of 0:2. From the above assump- 
tions and computations together with the discussion on H.D. 191201 and some recent 
work on H.D. 1337° both made at the Victoria observatory, it would appear that Edding- 
ton’s theory gives a magnitude somewhat too small for the higher temperature stars, 
such as the one discussed in this paper. 


It may be interesting to ascertain the space velocity of the system of H.D. 214240. 
In Boss’ General Catalogue the proper motion for this star is given as 0’’-017 annually 
after applying corrections in right ascension and declination, which represents a linear 
tangential velocity of 31-7 km. per second and when combined with the observed radial 
velocity gives a space velocity of 35-2 km. per second for the system. These computations 
are based on the minimum mass and resulting parallax of 1299 light years for the system. 


REFERENCES 
1Fowler and Milne M.N., 84, 505, 1924. 
*U. Herculis, orbit AO. 2515 1910. 
sHertzsprung Mt. W. Cont. 10, 399. 
‘Eddington M.N. 84, 310, 1924 
’'H.D. 191201 Pubs eA. Oe LeNos Le. 
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